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PREFACE. 



The following work aims at giving a popular and accurate 
view of tlie main principles of the science of Electricity, 
and at preparing the way for the technical or mathe- 
matical study of them. It is intended to embrace the 
43aiiie class of readers as the Chemistry of the course, 
namely, tlie senior pupils at school, and junior students at 
college. 

The work is divided into six sections ; each section is 
divided into chapters ; and each chapter iuto paragraphs. 
This division is made with a view to convey a clear idea 
of the connection of the main branches of the science, and 
of the various phenomena iucluded under each. The fluid 
theories of electricity, on which the more usual terms of 
the science are based, are explained at sufficient length. 
They are apt, however, to convey the idea that electricity 
is a principle distinct from matter, an impression not 
borne out by experience. Throughout the work, elec- 
tricity is looked upon as a peculiar action -whidi the 



■^^^^F PHEPACE. 

jnoleciiles of matter, under cartain conditions, exert on & 
other, A method of explanation is adopted in keepini 
with Faraday's theory of induction, and tlie manifest 
action of induction, in which it is aasiuned that cloctriQ 
action is one of contiguous molecules, and that nothinj 
but molecular action travels in a current ; at the Ban 
time, each action is cleaily described as it occurs, apa 
from theoretical considerations. 

Care has been taken, as far as possible in an elementtt 
workj to include the more recent inventions and metbocEi 
The British As^ciation unit of resistance ia adopted^ 
the section on Galvanism, and a cJiapttsr ia aftenrv; 
devoted to the method of determining it, and to thj 
syBtem of measurement of the current elements in electro> 
magnetic units. The French and German eq^uivalen! 
■words are given where the same terms are not used, 
equivalents frequently describe a piece of apparatus, i 
an electric action, from another point of view than t 
from which the English words are taken. MoreovaR 
many of thorn, either in themselves or in their tranglft 
tioUB, have found thou' way into the English 
and they thus save the necessity of giving i 
A historical sketch is given at the end of each section 
or chapter, in which the aathor and the date of every 
important discovery or invention are carefully noted. 
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c phenomena are studied tinder thr^e heads— 
1 Electricity, Curront Electricity, and Magnetiani. 
il Electricity inveetigateB tlie propertiea of eleutrt 
r which is insulated, or -which is only tending tu 
fcliarge. It is usually got hy Action, and hence atptica] 
Icity and frictional electricity are frequently used as 
lona. Fnctional electricity as it ia usually studied, 
, not only treats of electricity in ita etatical 
1, but of electricity passing in a ^gle diachatge 
jntary current. In fact, a body is never charged 
ans of discharge in some part of the line of 
Statical electricity always occurs in. a dual tonn, 
, aa positive and negative electricity, the eharae- 
iristic property of which is attraction and repulsion. 
I When positive and negative electricity neutioliae 

r through a conductor, the conductor shews no trace 
r, but becomes posssssedof entirely new propertii 
a ^cbacactetdstic of electricity in. discliargi 
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Till XSTBODUOXIOV. * 

motioiL A contintied dischaige constitates a enlf 
Cmrent Electricily, also called Dynamical Electxkdtg 
cMeflj obtained £rom clxemical action (Galyani8m)| i 
mechanical action (Magneto-electricity), and from '. 
(Thermo-electricity). The properties of the current 
manifested partly in its path, partly external to it. 
current in its path possesses chemical, thermal, 
physiological powers, External to its path, its actio 
clo»Qly allied with magnetism. When the path of 
current has the form of a spiral, it possesses propei 
almost identical with those of the magnet The dif 
guishing property of the current external to its path, c 
magnetism^ is attraction, and repulsion, but with 
ditions differing from those of positive . and nega 
electricity. Magnetism thus appears to form a brs 
of current electricit]^. The action of magnets on < 
other, however, which properly constitutes the scienc 
magnetism, may be studied quite apart from their appa 
electric constitution. As the action of the earth on 
magnetic needle must be understood before cur 
strength can be measured, magnetism usually forms 
jt step in the science of electricity. 



OUT TUf; WOEE. 
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lENCH MEASCEE8 EEPERBED TO REDUCED TO 
ENGUSil 



il equal to 30*37 incbes, about 40 inches. 

■03937 . . iotanioch. 

-3937 .. ■ i ■ 

re... '061 cubic iDclii!a,aboiit^ of a cubic inch. 
:3 grains troy, ir ^ ofanonncetroj. 
B of tbe Centigrade thennometer is j of a dep«e ol 
it'i^ thermoiaeter. Any Y»rti\cvi3.t V 
V.'j i j,:raJe scale is reducei to "?iii 
y I and adding 32^. 
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ELECTRICITY. 



MAGNETISU. 

IdAGTiBTiaH u the ponei whicli irertain bodies CftUal 
ignets hat-e to attract iron. Minuets an of two kinda, 
lural and aTtiJieiai. Natnnl inAgnetx coiuiiC of tha ore 
iron called magaetii:, {amiliarly known as loadstone, the 
=nucal compoBition of which is given by Ibo formnU 
fiy This ore, although capable of b«couung nngnetif, 
MUB only occasionallT notnrally magnetised. The loaditon« 
pears to hnve been first diBCOvered in Slngnesia, la Ana 
nor, bence the name magnet. Artiflcial magnela are, for 
i most part, etnught or bent bars of tempered elecl, which 
ve been magnetised by the Action of other magnets, or 

the ^Ivanic cmrcnt. Ko substsnce is indifferent to tbe 
tgnet, though iron is most of all affected by it 
a Polarity of Ihe Jfiijnrt.— The power of the nuignet to 
:ract iron is by no means equal 
rougbout ils kngth. If a smaU 
in bell he suspended hy a thread, 
d a magnet (fig. 1) be passed along 

front of tt from one end to tbu 
!jEr, it is powerfully attracted at 
e ends, but not at all in the middle, 
a magnetic force increasing with the 
rtance from the middle of the bar. 
le ends of the m^net where Ihe 
a power is 



t concentration of free 

le poles of a magnet may 111 



wgi. 



cUppmg ifc mixaa iOiqgiyiriwa a toft of fflhqg* a^ 
extiemitj of ii^ «nd the naidk ii left ham, ^ 
magnetic sflfldk BUTing hodionfc^^ 
different puts of a mignet placed TertkaD^, and 
the number of Tifan&na^ tbe xate of inritiamjof tiie jmgi 
intenaitj mij Iw eiact^ ivaad, as will be afterwaidi dim 
Fig. S gifcs a gEqpioe Tiew of tliii inenaeeL KS is 
magnet ; the fiaei nK, ao^ &&, zepceMnt the mugnrtift is 
sities at the pomti N, m, &b^ of thaiacgnit; and the emf 




llff.SL 

magnetic intensity^ fuMa^nfy is the line fomned hj the exli 
ities of an the upright lines. It will be seen from the l|| 
that the force of both halves, taking M as the diyidbig^ 
is disposed in exactly the same way, that for some dietaaa 
either side of the middle or nentral point there is an ahi 
of force, and that its intensity increases with great np 
towards the ends. The centres of gravity of the areas 1 
nnd MSn^ acre the poles of the magnet, which must then 
be situated near, but not at the extremities. 

The lines of magneHe fores proceeding from the poles 
mafirriet may be shewn by potting a piece of stiff drai 
pnper ovei a strong magnetic bar, uid strewing fine 
filings OYcrl^ Not only is the position of the magnet hi 
shown on tA P^p^^ i^S- •^)» ^* ^^^ particles of iron ain 
thoTnselves iAli^ion wfrich mark ont the magnetic curve 
iinos of foTroX A mncrnotic cnrve is that described by 
O'-^ntrct of gravitJlpf ^ ?mri\] noerlle, free to move any way ^ 
ir is moved alwrflp in tho flirortion pointed out by the ne 
from one pole of ll^^ffnct to the Mher. 

/ 



e ipucR Uirou:>h whioii a nusnct diffnw!* Jtt 

a ti^racd by Faradiij' iU magmtUJUid. A anlfum 

LC field is noe in which the line) f.i force an |ntsUd to 

eT,micIi as any small »ii«o« in tho flt-ltl nt, Minu!<~ 



«, 1. 

1 ike poles. Any station on the earth's inrface it ilao ■ 
a field. The momvnt of a magnet is the force loilgrd 
jf its poles multiplied by the distance lietwei-ii tbctn. 

□ the magnet and the ball in fig. 1 a sheet of paste- 
IF anj' other materia] not containing iron, be interpoMd^ 
fi of the former on the latter would not be lewenod. li 
Uaritjofmagnetic action that it IB tronsmittedtliMU^ 
icea not decidedly magnetic with eqnalfiu^ilitj. Mi 
I are thus, bo to epeak, magnetically tRUiapurent. 
gnet has, then, two poles or centres of Iree mognetia 
1 having on equal power 
an. This is the only 
srly, however, which they pos- 
onunon, tor when the poles 
oagnet ore made to act on 
'. another, a striking Uis- 
IBly is brought to light. To 
B suspend a magnet, 
[. 4, by a stirmp of paper, 
"ng from a cutoon thread (or 
■ Ihrtail ivitbout torsion). 

1 m Mt to itself, it takes np a fiiedv 
'|, and the otJux eontiv. "^ 




tanaot te made to ataml as a south pole, a 
for when the magiint is Jisturhed, both pole* i 
their origind positioua. Here, then, is a striking-^ 
larity in tiie polea, by means of which we 
diHtinguiah theju aa north pole and south pale. When i 
atiBpended, let ■as now tiy the effect of another 
npou it, and we shall find that the pole of the b 
magnet that ia attmcted by one of the polea 
aecond mi^et is repelled by the other, and vict vert 
where the one pole attracts, the other repels. If, nov^'fi 
second magnet be hung like the first, it will be found thfl 
pole which attracted the north polo of the fiKt it 
south pole, and that the pole which repelled it is a nortb p 
. ne thus learn, that each Tuagnet has two poles, the one a ni 
A the other a nmth pole, aiiki tn their potecr of at 
*, bat differing in thtir action on the poles of imolher n 
b polee TcpelliTtg, and imlike poles altraeliitg, each other, . 
When a small magnetic bar, or needle, ss it ia colled (fig 
is finely bolsnced by i 
small inverted agate cup on alfi 
needle of steel fixed t 
may be used as b mognetoi 
indicate whether a piel^e of iM 
steel is magnetic 
poles of the neec 
indifferently by any end of iVffe 
not magnetic ; but if one pda9 
attracted and the other repelletl, jf 
piece of iron or ateel under k 
tioQ is magnetic. 
I 4. It might be thought that, by dividing a magnet Bt;4 
o poles could be insidated, the one half ci 
[ ^ the north polar nuq^etiam, and the other the b 
rever, both halves become s 
^ with two poles in each — the original north anij''* 

me relation to thd other twcff fl 
1 existence by the aeparation. We can IhtV"^ 
IT have ^pi kind of magnetism without htanng it a 



. It ie this dentil mnnifeatjitifin of fbm vliidri 
I the polarity of tlio ma^i't, nnil ■ bur of iron 
is made to aaaume these poles i» aaid to be pblariMNL 

be fact of the freely siupeuiled Dinj^uet lukliit; Op • 

d position, has kd to the theory, that thn curth itwJf act 

a the xataa way as a hnge magnet, with ila north aiu 

nagneCic poles in the neighbourliooil of tho polfl" 

s of rotation, and that the niaguetie npedle or nti 

magnet tumB to them m it dooa U> thane of a nelgh- 

g nuignei All the nuuiifestationB of terre«tci»l tatg- 

1 give decided fonfirmntion of this theory. It ia a 

V that the French e«ll Uis Docth pole of the nugMt 

h pole (pMe mutral), and the south the nortli poto 

s borial) ; for if the earth he token us the standiml, lla 

a pole must attract the wiiith polu of other 

Uta, and vux ver/d. In En^dond and Gernnuiy, thn 

I pole of a magni?t is the one which, when freely 

ended, points to the north, and no reference is made to 

iltttion to the magnetism of the earth. 

~ t of Magnttt. — Artificial mngneta are either bar nag' 

BrhorBeehoe magnets. When pon-erful magnets are i 

i, fievend thin ban of steel are placed side by side with 

|r poles lying in the same way. They end in a piece of irODf 

' " "di they uro bound by a brass screw or frame. Three 

r of these mm be put \xp into the Inindle, nnd theM 

a into bundles of three and four (fig. 6). Such a coUectioa 



e projection. A uatcual 
i fig. S. It 13 a parallnlopiped of magnetic 
■'.fieces of soft iron, NN and SS, bound to 




DB encircling the n-hole. The lower ends of the toft 1 

I .luB act tu ths poles, and support tlie armature, A. 

. Magnetie Indiictuni. (Fr. influence, Gcr. cerfMliMl 
[ Tben a short bar of eoft iion, tu (tii;. 9), is suspended JS 




le end, S, of the magnet, NS, it becomes for the time p 
i nortii An<^ soutH pole, 1 



W magnetic properties ; when it ia simply IrOQght o 
B thing is seen, thougli to a leas extent. U the 
g magnet be strong enough, the induced nioguet, m, 
1 contact, con induce & liar like itacl£, placed at its 
) become a magnet ; atid this eecoud induced 
t niAy tmnsmit the magnetism to a third ; and si 
i action being, however, weaker each time. If a eteel bar 
" u^ for this experiment, a singular diSereuce is observed 
i'l iu nctioin; it ia ouly after some time that it begins to 
' -.hibit magnetic properties, and, when exhibited, they an 
ieebier than in the soft iron bar, Wbea the steel bar i 
nimovedjit does not part instantly with its magnetism, as tbi 
«q1L iron bar, but retains it permanently. Steel, therefore, 
boi a force which, in the first instance, resists the assumption 
(rf magnetism ; and, when assumed, resists its withdrawol- 
■ndg is called the caereilivi force. The harder the temper of 
the steel, the more is the coercitiye force developed in ' 
i> this force also, in the loadstone, which enables it to retalu 

The polarised condition of iron under induction Bcems to 
indicate that a sabstance whicli is attracted by the magnet 
uiiut it«e1f become magnetic. The attraction between a 
i.LJumet and soft iron is thus essentially the same as thai 
i-^ween two magnets. Hence we may conclude that mag- 
i* aCfnxfion and. repulttmi taikt place only hetjeeen magtiett 

y or pervuineat. 
KMuffitetic Armatures or Kupen (Fr. arniurts, Ger. t 
1^ oflJtn' in the case of horseshoe magnets) are pieces of soft 
■e placed at the extremities of magnets to pt^servQ 
|b magnetic power. When magnets are allowed ti 
^length of time without such appendages, in consequence 
e disturbing influence of terrestrial magnetism they lose 
" rably in strength ; but when they are provided with 
t, titeir magnetism is kept in a state of constant activity, 
thereby from this distorbance. The reason of this is tw 
■attributed to magnetic induction. Beforring to fig. 7, the 
Wh pole, N", of the horseshoe magnet, NHS, acting o 

%, induces it to become a magnet, having ite south 
^ 1^ next to a, and its nozth pole, k^ tt thft « 



extremit7« The pole B, by viitae of its magn 
powerfully attracts the north pole, n, thus f onxu 
its own inducing influence to heighten the magnel 
previonsly induced in the armature by the p€ 
armature, from the combined action of both. ] 
horseshoe magnet, is thus converted into a powe 
with its poles lying in an opposite direction to 
primary poles. Tlie original magnet is^ in c 
brought into contact with one of its own makin; 
counterpart of itself, the action of which being 
potent than that of the earth, eflectually shie 
terrestrial disturbance. The attachment of the ; 
the magnet is greater when its contact with the ma^ 
by a rounded edge instead of a plane surface. ] 
the same mutual attractions that a much larger 
be suspended from the armature thus placed, tb 
single poles can together sustain. Bar magnets mi 
in the same way by laying them at some dista: 
to each other, with their unlike poles towards the 
and then connecting their ettremities by two pi 
iron (fig. 12). When a magnet, such as a compa2 
free to take up the position required by the magne 
earth, the earth itself plays the part of an armatur< 
9. Magnetisation, — By Single Touch (Fr. simple 
einfacher Strich). The steel bar to be magnetised 
a table, and. the pole of a powerful magnet is ru 
times (ten to twenty) along its length, always ii 
direction. K the magnetising pole be north, the 
bar it first touches each time becomes also north, i 
where it is lifted south. The same thing may ^ 
putting, say the north magnetising pole first on 



I KrtrenritJM of two powerrul maipmt*, N8 •diI BS. TVa 
cts On^ Iikual with Uidr poloi nuiLT, Lut t 
ic miiliUe of lu, iiiclinrd at on angle rnthtr Ii 
U 3(^ witli it Thitf an tlieu nmnllaiiwiul; moveil away 
U eodi uUiei to the eu^t of lu, and brou);lit bock In K 




a to the midiUe. Afl^rlhiB ia repeated a few timet, 

H b folly magnetised. The diapoaitiou of the poW 

ia the figure hy the letters N or n, meaning a north, 

*, a south pole. Thi* method comniiinicatcs a very 

If niagnetlBm, aad is employed for magnetic needle^ or 

9 accuracy Is needed. — The magnefentiwi by VoMt 

~ :. dmihU UnuJit, Get. dapptl Sinefc). The ar»nge- 

it the commencemeot of the double touch is the Banna 

1 fig. 10, only a small piece of wood is placed 

1 the two Btroldng niflgnets to prevent contact, and 

with the bar to be magnetised is less from 15° to 

The two magnets are drawn along from the middle to 

i, and then back to the other, and bo backwards and foju 

Bnim ten to twenty limCB, and lifted from the magnetisect 

_ an at the middle. Caru must be taken that both enda 

Ip been stroked the same number of times, and that tho 

» poles of neither of the stroking magnets go beyond the 

I of the bar. When this ia done to both nppcr and lowei 

\, the bar is fnlly magnetised. This method is used' 

K Lars. It communicjiles a powerful, bat somel 

1, giving nse, when the poles of the strok- 

t near each other, to cBTtgecwtive pola (Oei 

•ii) — that is, to more poles than two in the magnet, 

« magnets were plac«d in a. line, the middle ona 

ftp the other two. 



Fij.ll. 

the poles of the induced magnet. 
ancMed well, it is necessary for li 
Bume width. The eatae method i 
inAgnetising baie. The bars (fig. f 
armatures ab and ed, are placed I 
and the horseshoe magnet is made 1 
■way juat described. 

By the Galvanio Oamnt. — This i 
has to be mi^etised inBide a flat eoi^ 
through which a galvanic 
moving it backwards and forwards as inV 
The circuit is closed when at the beginning of 
the middle of the bar is at the coil, and opened ^ 
jtands again at the middle at the end of it. 
induced in this way is mi;ch weaker than t' 
nme stTength of current is employed ihroiighl 
^WJanB ^^"^^^ Buiffijii. TMqIl Laia oi 1; 




ELECTRicrrr. ^ 

l.itieiigUi for yean togetlier if not subjected to 



11. Power of Magnets. — The power of a horaealioe i 
a xusmUj tested by the weight ita armature can bear w 
breakiiig sway from, the magnet. Hacker givea the follow] 

ffcmmJa for thia weight: W=a.ym^; W ' 

in pounds \ a, a. constant to be ascertained fi 
particular quality of steel ; and m is the weight in pounds 
the magnet. He found, in the magnets that he construct 
I a to he 12'6. According to this yalue, a magnet weighing £ 
f BUBtaina a weiglit of 3 Iba. 2 oi., or twen^-ftve times its a 
\ weight ; whereas a magnet of 100 lbs. sustains only S71 1 
I or rather less than three times its own weight Smaller 
\ therefore, are stronger for their size than large o 

1 of this may be thna esploined : Two magnet* of 

size and power, acting aeparately, support twice 

weight that one of them does ; bnt if tlie two be joined, b 

1 to form one magnet, they do not enstain the double, for 

I two magnets being in close proximity, act inductivalj' 

1 other, and so lesReii the conjoint pow 
I several magneta made up into a battery have not a farce ] 
\ portionate to their number. Large magneta ;' 
may he considered as mode up of seveml lau 
I mutually with each other, and rendering the action, of' 
' whole vety much less than the sum of the powers of a 
The bwt method of ascertaining the fitrength of bar-mi 
use a magnetic needle to oscillate at a given di 
e of their poles, the axis of the needle and the \ 
V of the magnet being in the magnetic meridiim. TheM'g 
L lotions observe the law of pendulum motion, so that the J 
.0 bring the needle to rest is proportionato t( 
I square of the number of oscillations in a stated time. 

12. Action of MagneU on. each other. — Coulomb d~ 
lly the oBciUation of the magnetic needle in 

in the way just described, that vAcn. magn«tt i 
mflactd that '.wo adjovaing poles may act on each othtr u 
Ve?we of the oppasitepoles, that is, when the mt 
e laige compared with the distance between their ce 
ir attraetwe or reputiive force varies inversely aatke *qu 



>ad« i 



The manner in which he proved thia will Im 
IfitstocMi l»y taking a. caae. The auapendcl neeiUii 
IS), y/hea disturbed fruiu its position of rest, makes 
Ations a minnle under the furce of the eartk'B nui^- 
nettam. When the polu S of the nuigTiiit 
NS, which is BO long that the poll 
ia bejond the sphere of action, is pli 
at a distance of two inches from n, 
nuniher of oscillations in the minntsl 
36. When Rt fonr inches, 2a 
last two cases the oecillutions i 
under the combined force of the magi- 
□ctiam of the earth and of the intact. 
This combined effect at two iuche* 
stands to the terrestrial magnclism as 
36* is to 10', and at four inches as 20* to 
10". Now, the difference between 36" 
divided by the difference between 20" and 10", gives 
i powers of the magnet on the needle at two 
IT inohes. But 36"— 10', or 1196, is very nearly 
I SO*— 10», or 300, BO that the magnet is only 
oa powerful at four inches as it is at two. The 
B powers are thua as 1' to 2^" — i. c., inveraely as the 
of the distances. If the pules hud been like, the 
" 1 hold of the repulsive power. The law of the 
jgntlt on mfl iron by indaeiiou was ascertained by 
I Snow Harris in 1827. It ia as follows : The 
dinxlofmtnt in tht soft iron is directli/ proportional 
rr of the indiKtive font, and inverstly as th4 diilance. 
t meaBnrement of nu^etio forces, repulsion ia mea- 
L practicable in preference to attraction ; because 
I may he wholly or partially due to induction, 
reptdsion can only arise irom the original forces in 

t of Stat on Magneliim.~& magnet loses in power 
IS in temperature, and as it cools again it aniiuires 
portion of its lost strength. When it is raised to the 
nperatoie sareral times, or when it is kept ,a sufficient 
"^-*^-^H^it naabes a eonditioc itt wbw*^ '^ v<9t,i% 
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an fwithif pcmaDBBl kn by lKu>g again heated np bi A 
Mue tcHfnidam. Tlie more stioaglj the bar is ini^etiia 
tbe IcN k it a&eatd lif Icaq>ei>txiK. The cliuige of ji 
■tj rrniiLJ b^ oidhuiT tempenKneB is little, 11 007^ 
At S wUte h^ 4 tnagtirt low* pennaueiitly all tnee 
wa^ctiHK Wlwa, boireTeT, it is ag/un tempered and m 
aK ia td, it itaaKM ita mgnetlc properti*^. Barlov fan 
thil aoft inM tfed tmi ea«t inn, when temporaiilf h 
— thai H^ «1mm wJtr indnetion — ^have s greater magurf 
eapicitr ■ tUr UaapaUart Bam until tfaej- reached a blorf 
ml beat 3ff^d Aia, dxy bMOioe less eusc«ptible 1 
inlliunm of ths h^Biib^ '^ ■* * white beat thej are 
iitdiAacat to iL The teBr|wntaRi at which other rabsUnti 
•SKUd 17 tbe HiB"^ beam* iadiflleiiKQt to it, is diSool 
ftv<m ihtt tj inn. Othak i* aanded by the nisgnet at U 
li Ji [ liw|iiinlwi« anil iiifftiUmn lliiii liiji il^ nt fifirr 
1-L ntm-i ti tf i f i f i l i f. — The b^t known theoiy d 
■M^TiMtHH k thtt «f the two flnida. It is thanght tlut A 
|uv«t c( the iMpBt anH Iran tvo magnetic fiuids a ' 
ia St. nna floide He uiM idered to be attra^tire of A 
Etanei «f the Magnet aad of each other, bat repulfdT 
ih<r::$elTea. Bf watLTtiorinn the fiuids which, frhea 
exit; " i[.ilhaii, nduUt bo magnetic pn^fiertiea are made 1 
KM^inie. JU«B*,itw»»lii«msbnbatii 
Woime iiiiiilyiiil obT its vm half of the m^net, bat i 
hypk^hMts WW bod to be oDienable bom the bet A 
vbrn a Tni(|.wl wM bnkca in the middle, each fngmentS 
K^ kind* «f uagmtHsm, Hke the original magneL " 
V.r.t inw m si rten ey. it was next supposed that each pas&3$ 
thf n-.Af^iMt was itadf a m^net like the whole, and that fa 
it »!iow yoa dmt, ywi hare in the pieces the same o 
tav-'w as in the whole. Ma^etisaldon was consideTed t 
t.* ><".vtra(« tlw Quid* in each particle. A more recent 1] 
M^5»'«». tbat ail substances capable of becomiue nu^ 
ts>n>i!>t >tf paKii-lfs, eoch of which is a permanent nui^ 
tV,.i! tlK*o infintlvsitiMl niagneta hare their pole* tnrne^ 
All aitVvn-nt dii««tiv\as, so as to neutralise each other xrf 
t!!.- ulloW ia iMit Bu^etic ; that magnelaaatioii hi 
.!.'■ t'T-.oinag lb« pidn a£ thaw V^oOm vtoaA. ^ 



Terrestrial HagaetUm. 

t The Dinetive Action of Temtitrial Maffmtam.—Th^ 

W of the magnet i» so allied wilJi Ibt nuif^Qtiiim of tbo 

K Hiat we cannot siaAj the one apart {ram the oilier. The 

p. of the earth on a magnet is aimplf dinctiv* ; tliot ia, it 

s the poeitioit of the magnet lelativelj' to the cardinal 

l^of the homon, but effects DO Ettaiu oi tendency to ttttm- 

a the point on which the nwgnet i» baknced. This ia 

y shewn by making the centre of a magnetic neudlo rwt 

Ijaece of coik floating on water. The iie»llc when to 

led cornea tound to a. north and sonth position, but the 

a at the same point on the Borfiice of the li({uid. 

1 of this may be given thus : the megiiclic poles of 

ID jkr diBtant from the magnet, that, practically, 

md Gouth poles of the magnet are at equul dlBtancc* 

Accordingly, whaleTer attraction, say the north 

^Sd the eajlh has ti> the north pole of the magnet, it 

A equal repulsion on the south pole of the magnet. 

•o effecta counteract each other. The eame holds for tha 

h iiTrcBtriftl pole. The combined efTuct of 

', iu attracting or repelling the ttuuguA 

i, iindis limited tA fiungOw" 



H We are to accuBtomed to see t!ie 4ii^'^tive pevex otiM 
Hkorth's mrigiicti»in exhibited in the compaas, tliat yib iM 
Hmclined to think that it ia only exerted on a needle nnovd 
Hp a horizontal plane. Such, however, is not the cmI 
HpThen a Deedle is eo auppotted that it can move ben 
^Kl a vertical plane, it does not T^main borixontal, iM 
^bclises tuwanla tho ground. .It is impossible so to suppraH 
BpiBgnetic needle that it ia at the some time free to moretH 
^Borizontal and in a vertical plane. The power of the eatftfl 
n&etermining the poRition of the needle in a vertical Bad in 
priLomDntal plane, most be exhibited bj two separate needll 
I' fi it were poBaible to hang a needle in the air, bo as to leang 
I perfectly free to take up any position, it would shew na 6u 
[ file directive action of the earth. Such a needle wonldlfl 
f. mdy point north and Bouth, but when bo pointing wonUil 
I most places on the earth'B surface, make a certain angle yU 
W the horizon. The position taken up by such a needle w«9 
Ljthew the direction in which the eartb'e nmgnetisnl acts, Sndfl 
I yre knew, in addition to this poaition,,tbe force that kept Ofl 
I tikat position, we should know the direction and amount of fl 
I -earth's magnetic force for the place of observation. In. CM 
Fjwqnence of our inability to suBpend a needle so as togtrtJjfl 
I perfectly &ee universal motion, the direction mnst he ascertt&H 
I 1>7 two separate observations, viz., the position of r^st of a n^^fl 
B moving in a horizontal plane, and that of one movia^^M 
I vertical plane. The former of these is termed th« Jw IM 
I Hon, and the latter the incUjiatimi of the needle. A. ot| 
L j)I<Ee knowledge of the eartlt'a magTutism at any plaei &<MU 
^mmplia that Ikne things art knavm — dicUwilvm, tncItnl^H 
^btul iiUentity. These are termed the tnagnetie e£flnen(j^^H 
^■Dnttonfen) of the place. ^H 

K_16. Defia^im of the Magnetia Eleyietita.—Sedinat^^ 
Fwhen a magnetic needle is suspended or made tt^^| 
■< on a point do as to be free to move in a horizontal sjE^I 
■tit finda its position of rest in a line joining two Gxed fSSM 
f on the horiaon ; and ivlitii nioJii-lu leiiri: that ■DfiuirinJ 
sftec several osciHaii' "'' '■ ■' ■■ 'il 

pkcea on the eaiili' [J 
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C ooim-idfl wiUi th«e«. A tntiftal plane p 
throng]] tlic pohiM on the burizMi indicatoi 
by the neeiUo, h called the mapiftie vunidioTt, 
ill the Eoiue vrny tliat a ajmikr jilaiic, piuuiig 
tliFciugh the north and south pninbi, w known 
ae ttic Mtrnnomica,! menJian uf tlu> placA 
The ao^jlo between the magnetic and lutro' 
~f al meridiuns is termed the declinatioa ol 
vwiation lit the needle. Thca, if N8 (fig. H] 
1)0 the line of the Mtronoinicol meridinn, nnj 
tM the line joining the poles of the needle, tha 
angle NCn is tlie declination. The dcolinit 
cording aa Ihc magnetic north lies east 0( 

'p or IruUnation, — If a magnetic needle lie supported « 
vertically, it does not at most plufea o^ 
tlie eartVs suriiwe rest in a hori- 
zontal positbn, but inclines mor^ 
or Itsa from it If the Tertical 
plane in which the needle movea 
it the magnetic meridian of tUa 
place, the angle betwcsu the needla 
and the hori/outal lini is colled 
the dip or inclination of tha 
needle. Thus, if the needle 
(fig. 10), N8, be Bopported at it> 
centre, C, ao as to be free to movfl 
vertically, the plane of the papei 
) be that of the magnetic meridian, the 
is the dip. 
fity. — The amount of force which brings a mognelio 
f unit size and streugtli, capable of universal motion 
la centre of gravily, when driven from the position iu 
b it lesta under the iniluence of terrestrial magnetism 
( to that position, again, constitutes magnetic intensity, 
"e may be looked upon as a magnetic pendulum, will 
^etism, instead of gravity, as the force acting on it. 
17. SesBlulim b/ Total MagneiK Fans.— ^jiA^'ii^^^'^ 
a aeedle adjusted on tie point j>, so as to mava Vu. 6.'\iQTa.wi 



It ia TCpreKiited as lying in the magoetifl moid 

is mippoaed to be in a northern latitude, so tluit tha M 

the magnet ia attracteil, and the eoutli pole repelltlj 

il force. The total magnetic force of the earth, n 

d hy the lines NO and Sc, in. magnitude and dind 

s, when noting on N, to draw it down, when on ^ to i 

k up, with an equnl force. The two equal and oppON 




parallel forces, NC and Sc, form witli tlie needle a cov 
g to make it rotate in the direction of the hands 
riratch. The resistance of the paint on. which tlie nefl 
connlfiracts thia tendeney, and keeps tho Mi 
izontaL The total foraee, NC and Sc, may be -I 
1i into two others acting vertically and horii ' 
I, perpendicular to, and in the plane o^ the ne 
) construction ia exactly alike, bo far aa 
t N and S, but it is opposite ii 
vertical reaolved parts of the earth's mngnetiam, 1 
alone concerned in detentiining the position of I 
moving in a vertical plane, are NB and ( 
1 homontal, these have no ef 
ore the horizontal resolved pi 
1 the n 



mtal plane. IS^ 



jt tnch other, Snpprjw, nnw, ttie ntwllp ninvn! fnim 

1 of nsl Lu tliat ftliOTfn l.v tlic ilnllr.l niivlln, S"8', 

I mngmrtuin must uut un N' luiil H' w it <liil on N 

Wiifiei|ii<eEitIj' a tiniilar resulutioti nia; be nuidc^ 

ioQ tn][iw place in ]iki>cs purulli^l U> Ui« fumuir, 

jWDdiEnlBr lu tb.« ciivlc or pUne in irhirii tbo ntioUtt 

The-vctticitl reBolveil part*, N'B' and S'b', urn onuDter- 

1 M l«fore hy (lie Gupporting point, but tlio borJionUl 

I paii«, N'A' nnd Wa', farm a couple, brinj^ug tha 

.e bauk l« ltd first position. They act, howover, ubliqnetj 

e needle, and la ascertain ttieir efFeciive force we muit 

a reculve them as done in tig. 17. Tbe resolution take* 

lae in tlio plant' of tbe needle. The parts NT 




|lS/, being equal and oppoeiti^, counteract eoclt other, and 

Kiwo e^ctjve parts, N'E and S'l), alone initke tbe needle 

Let NC = T, the total intensity ; NB = I, tbe vertiwd 

rity ; NA = H, the horiionUl intensity ; aiij,'le ANC ^ i, 

>ofdip; thenI = Tsin. i, H = Tco8, i,l = Htan.». 

L insTBCMENTa FOR AsoBRTAtsiSG Magsetio Elemests. 

—Instruments for detenniniag magnetic de- 

a are called declination needles or declinometets. In 

H there are two things essential — tbe means 

; the astronomical meridian, and a needle for 

lB mugnetio meridiun. Fig. 18 reptesenta e. comi 

e deaUaonietet. Upon a tripoi "^TOV^isA. 

■ 1^ tto 1 ^ " " 




reats the axis 

telescope, T. i 

ated arc, A, U 

the bottom of Mlfi <*1 

uprights, aud tha tt 

of elevation oi tbfrt 

scope is marked 1^ ■ 

veniiei on the koo' 

attached to the axic 

the telescope. A Iv 

L, is also hung on ' 

Hjus of the telsKOp^' 

adjusting the ii 

luside the co: 

K|| tnotliar gTBilimted circle, F, the line joining 

IllU lit wlikh i» parallel to the axis of the ' 

I tlu iillliiKii we In brOM or copper, iron, o 

l.hltll|[ uiUiltlnblM- It will bu euailj seen that the 

[ lu wul t«litt(i(rpa iiiuvD round as one piece ou aa , 

Mdnit llinnitth tliD uculru of the azimuthd drdo. '^ 

I ulMMvaLinii i* liiiulv, Ihc: telescope ia pointed to » 

■irIimm ifmitiiin witli nffLrd to the astronomical mert 

I knuwn nt ll4a Hum of ohacrvatioa The telescope ' 

iii|iiiM-liox In IIjuu brouijlit the proper ninabec 

tgnM [111 the Miniuthal circle, nntil ila axis is in 

Biwf<li<ui of thu pUuu. If, wli en the telescope is in 

WyoA\Mint ^u* nortll aiu^M^htodle eland ot the KeTO-j 

ination is shewn, bn 
t. is dimenlt to 
poles eiactly 




e be nut periBd, tlie puimclricil nfU <it ilio weMn 
ing to whicli llie readinj; ii ._-,—._ 

o Oio right or left uf tbe 
a axij, and r.nnseqacntlj of 
i reading. To nuniid; tlu'x, 
iQ niado Uiitt it cun n-et 
n ita lower or upper surface. 
log the true rending, ttiti poxi- 
f thu necdlu ia markvil, irad 
a ttimed apaide down, nnd 
arkeci, the mean of the two 
readings giving the trae ona. Tliis 

i -< t^osily SFen in fig, Ifi, Tlie iledinatiaD of the iieedlu nia; Iw 

.. 1 -<> aacertniuvd l>y tlie dipping ueciUe. 

'.''Iiim'* JfojndoiTWter. — A declinometer like the one jnst 

■iTibed, can only give the declination approximately. To 

ijiiito eiact, the needle would require to be very loiij;, so aa 

.illow the divisiona of the circle on which it movea to ahvir 

r y Bmall angles. This, however, would be oltendeil with the 

j. L'tion that a very long needle movcB with consideralila 

.iLttion on iteaiciB,ao that what we should goin in the number 

tif divisions on the circle we shoold loee in the sensibility of 

ihn needle. Oan^'a magnetometer obviates this objection. 

Pi]}. 20 givca & general idea of the action of the instrument. 

to MBgnetiu bur, suspended by a wire or a few untwisted 
□ta of cocoon silk sufhcieut to sustain its weight, which is 
pounds. It is enclosed in a gloss cose, not shewn in the 
%ure, to shield it from currents of air. Oi\ t\w itA. eS. 'ftus 
ftlubdrby which it is euspcudei & emiLliX 




Fig. 50. 



is fixed, the plane of which is at right anglea to the line 
the polea of the bar. A few yarda from tlie liar, a theodolitt 
T,aud a scale, S, about a jard long, are placed, th 
abovBj the otlier below the mirror, ao that the divisionH of 
Hcale may he aeen reflected at the croea- wires of the theodolil 
A BUinll plummet hnnga down from tlie object-glass of ti 
theodolite, tbe tbread of which, stands in front of the zen) ■ 
middle point of the scale. When the thread of the 
ia seen reflected, the axis of the theodolite ia accurately 
magnetic meridian. When a magnetb bar is himg i 
way it never etands still, hut is constantly making 
oBcillationa, shewing tbiLt the magnetic mcriilian is 
moving to and fio, and is no fixed plane like ths 
meridian. It ia not ao mnch, then, when the reflection of 
thread io seen at the cross-wires as when the needle 
to equal diatancea on each, side of it, that the axis c 
theodolite i£ in the mean magnetic meridian. This 
ascertained, the theodolite haa only to be turned to aot 
object known to be in the ostronomii!*! meridian, ttnd. 'B 
difference of the reading gives the declination. The scale 
placed at right angles to the magnetic meridian. We 
afterwards find that the needle makea vurious Email ' 
from its mean position in the course of the day. These I 
magnetometer, from its extreme delicacy, is well fitted 
record. Suppose, for instance, that the needle appeaiB 
osciUate, not round the zero point, but round a point P, i 
la know the distance of the se 
)e in thia case 15 feet, wb i 
le PMO ia— viz., 19' 6" ft 



n inch from it. Now, 
from the mirror, say it 
easUy tf1l what the 
PMO 



— J from the trigonometrical tables; ar 1 



"Md 180 _ 
taking 1 inch as the arc of a circle whose radins it 
and whose circumference of 360° is 3'1416 times 
Can be shewn by an easy geometrical construction thaS' 
apparent angle ia twice the angle that the mirrc 
— gnet describes, bo that the real deflection of the 
) case is 9' 32". The observation is here taken as 
if a needle 30 feet in length had moved through 
IS", or described an arc of half m inch on a 30-fbot 




[tobaervera con TRoilan uti;,'1uDf t" bytlii^ iiiai;»*tonial«T. 
a dlio ha eiuily iindotBlooil how, if a kiup lj« [jlai'^ 
~ i tbcodolito is, luul bn nuidf Ui tnnunit n cay nf 
D tha tnirror, that thu toy would be intlRclad nn Uin 
1 that if ini>t^<l of tlio 8ra]« s pinro of MiuitiMd 
T&pbic paper wure placed, anil tuuv«il ujiwanU or down- 
ta mt£, Uie iie«Uu would penimnfntly record 
n wotiom. A edf'Tecunlii^ system on Uiia iitiueiplo, 
d Ij]' Mi Brooke, is adopted in olmuat oil i)biicmil«iie«. 
E Marinej'e OompoM is niso a decliDometer, fur it mtut 
pays uaed with reference to the true north of the rrgjon 
It ciinauts of a ueedle nicely poised 
88- W of 

' or brass at its 

. The needle atul 

I aapport a card 

^ which IB marked 

points, «aoh 



Jl" 



15'. 




a shewn in the '^ 
[ore (fig. 21). ■WSS 

and Eoath 
this card lie 
<T the needle, 
e card, and 

iJle, indicates ^ ^ ^ V- ^' 

lal points tu [.|g_ ,1 

r. The whole 

in a braaa or copper bowl. This is placed witliio a 
i jnoTes by two pivots in another ring, itself snp- 
y two pivots at right angles to the other two, Theae 
■e calied the gimitale. The compaas-box and -caul 
rted remain always horizontal, whatever be the 
I of the vessel in which it is placed. Inside the 

e lubber- 

Which. is in the axis of the ship or 



The point of the card tliati 
fsMow thB ship i» going. 
" "" vi^aonaected with then 
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ii »ii iswl'-^ iiHnsnrfr, Uut Mud 
itiurA it TmuUTot indifli';mtl,r bi uty [r 
LLndion, llunfuic, iliu tli|i wliudi It >bcv« | 
to tiut mttc- 




right angles n,.w. 

liBn, then the 

iponeut alone afCects its positinn, mi pla« 
a line mth itse1£ In this vaie BSSb t 
, Iktween these two positions the needle tJiiM 
rtical position to that of the direction of the difg 
i^B more inclined (o the horizon tlion i 
have thas two waja of finding the me 
eedle elands npright at 90°, it ii at nght anglM 
; anil by moving the yeniioT over Off", v 
the meridian. Agun, that plane : 
of the nee<ile is least is the plan 
!Tie d^iee pointed to on the circle wliei 
iiidian is the angle of dip. The dip Tuay a 
ren more ncciuacy hy oliserving the tl" 
of Boit iron ploro-l vertically in fbd'^ 
needle on the needle -, >rat H 
the scope ot ^^ti»% 



Jn(«7Mi(j Needla. — The total intensity of the earth's 
aetiam is got by flrat aacertniniug experimentally its hnrwoii 
tal intensity. The tQtal intensity is got by dividinjj I' 
izoutal intensity by the cosine of the angle of & 
,(17). The hori;iontal ifttenBity is measured by the numl 
-of osdilations that a. needle malces when disturbed ic 
tinie. Thua, if at one point on the earth's surface the ami 
«dle makea twenty oscillations per minute, and at aiio& 
'enly-one, the relative horizontal intensities at the t1 
{dAces would be aa 20" to 21', as 400 to 441. If the hoiiar 
tal intensity of any point on the earth's surface be tafa 
unity, other intensities may be expressed in terms ( 
The method of uscertdning intensity just described 
open to objection, aa it is difficnlt to know whether tt 
magnetic condition of the needle remains unaltered duti] 
of the obserratir.ua at different stationa. Qu 
.KToided this error by reducing the intensity to an afaa 
lute, not a relative standard. Thia he did by taking in 
not only the (»ciIlations of the needle under obw 
nttion, bat also its deflecting power on another needle at 
Stated distance. The data thus obtained gave him E' 
divest the magnet of its peculiarity, and enabled him 
the intentdty in absolute units. Thua, the horiii 
ity of Loudon (January 1865) ia 17S4 metrical u 
Much signifiea that a south pole weighing o 
«f an ideal, but definite nnit magnetic force, wonld, e 

were insulated and free to move in a horizontal- p] 
xequire a velocity sotithward of 1764 metres per eeo 
Stt Brittah units eipicssed in feet with the mass of a g 
' stead of a gramme, the same is Z-&16. 

OaMaii Bifitar Magnetometer ia used for indicating la 
imgea of terrestrial magnettem. It condist.3 essentia^f^ 
k magnetic bar hung by two threads, as roughly sliernl. 
Cg. 23. So long as the plane of the bar and of the t\ 
ooinoide with the magnetic meridian, there is no strai 
the threads ; but if the points of suspension be turned n 
then, the bar will take up an intermediate position detain 
l>y the intensity of the earth's m^netism strivipg to p^^ 
IB the mBTidun, &ad b; the epiial tocBum i^ tfas t' 



.' to bring the bur into n Unti wilh tiie pobiU of 

i'liii;. Tlie inatnuuent U cti;«bIo uf tui;r luiiuuiit of 

1 , .tccardiiig ut llie tlirejwla 

' :i:;tk(!iiei! or broo^tit naia 

■ liT, For obserTBlion, Iba 

lire aci twtetod u to put 

r peipendkulnr to the 

: L- meridian. lathupOBJ- 

li>.' small cliiuigos of de- 

' i.'U timt take place m the 

Ml! of tJie day may be 

ectwl. 'TliM foruo necesanty 

rist tie bai throngL any iiiigl< 




ng-js. 



a got by eiperiment, and 
ea in interpreticg the indiimtiona uf the inalruount, A 
'□r is attached to the I^ and olwervotioni token as with 
magnetometer. 
'. Magjtetu! Ckarli. — The magiiotic elements have been 

tiined with great care at different portions of the 

.surface. The knowledge thus obtained lins been 

' : I'd in magnetic chmrtg, in which the points at wliidi 

■ , -1. Iinatiou ia the same are joined by linen, and simi- 
f those where the dip and intensity are alike. The 
D of equal declination are called ieogonic linaa j thoee of 
il dip, lEodimc ; and thoee of equal intensity, iaodynamic 
a. Aa the magnetism of the earth is subject to a elttw 
liar Ysriation, such charts are only true for the time of 
■rration. The chart, fig. 24, was drawn up by Colonel 
ine for the year 1840, and gives an approiimate view of 
hnes of equal declination for that year. The change since 
has been small, so that an ieogonic chart for the pre- 
t time would differ bat slightly from it. The cliart 
iciently ejcplaina itself. Attention may, however, be given 
sne or two points. The declination is marked on each 
'.. Thus the line passing through England, for instance, is 
eked 25°, and that passing north-west of the British Islands 
At places under those lines, the needle points to a north 

and 30° west of the true north. On the space intervening 
ween thesa lines, including Scotland aii41ic\aT«i,iCOTieji- 
^.^ntying from 0° to 5", mast lie made accotSvo^ ofc ■& 



townrds the rate Uno than lh« otlier, Th( 
\y line of ii') flcclinatii'ii pnsaing tiorlliwanl cdU □ff tba 
e<>mer ci SoutU America, procecda tn North Amarica, 
It eDlets at N&rtLi Carolina, traveiaea the continent t^ 
£rie and Huron and tlie vrnet of Hudson's Bu^, aui] 
fia the north of tha continent Ht Bootliia. The eaalcrly 
f) dacliuatjon ptuiittig xonthnord enters Eumpc in tbt 
'^^^ ' : Rusaiu, cnwBes tlie White Sea, the east of Knuin, ol 
I i.iu Sea, of Persia, and the Arul>ian Sua. Then tiinia 
i!, ;iiid cutting off the west of Australia, paases sontlt' 
'l'liL> Kpaoe induded betwetm thoB« two lines, and whii'h 
< liiLi'L is left niitiuted, constitutes, »o to speak, tho hemi- 
"L westerly decliimtion. It includes tho nut of tha 
K-iica^ the Atlantic Ocean, the whole of Europe and 
.i:iil the ■vresl of Aaiii and Australia. The rest of iht 
■iliR'h in the chart is tinted, has an easterly declina' 
Tu'.-rii is on elliptic space in Easteru Asia which is left 
having a westerly Tariation, and foniia an eiceptionaj 
in the eastern magnetic hemisphere, 
will he Been thst the lines converge in tho north of 
America, and in the south of Aastrulio. Bo far as expcri- 
far OS the most matter of fact theoi; (Gauss's) 
lea, the convergence in both cases ia to n point. Tha 
in North America is the Ttorth magnetic foh, and 
eonth of AusLralitt is the t(ni.ih magiietic pob. At these 
then, all isogonio lines convei^e, and a compass needls 
Terently in any position. 

le same theory, if the isogonic lines 
tnced on a glohe, instead of, as here, on a map in 
projection, they would form irregular circles 
noithem and southern hemispheres. Each circle 
north would contain in ita circumference the nortli 
ifl and geographical poles, the portion, of the circle 
one side of the poles being in the hemisphere oi 
declination, and the other in the easterly. The sum 
[Hngles marked on the two portions would amount to 180°, 
segment having the smaller angle. The same confer 
drdes would ha visible at the south '5o\e. 'S\wsa.\'« 
proceediDi- fcom. boUi pol^i V-'Ou\&. m'^ 



ifeeqttntorid region!^ ti 
would run into each olher, forming irregulai 
throngb the four poles. This coufurmation 
more particularly on the white part of lie 
North and South Atkntic, curves are Been ap 
other, and proceeding from Uie region of tiic i 
The lust two circles that approach wi 
f marked 20°. The circles markel 15° won] 
{ of doing Eo, they rtm into each gUjK 
ktinuons ctirves, foroiing together Bomewlu 
fi of a sand-glasB. The eame union, with a 
" e middle, ia seen in the lines marked 10° 
i isogenic lines, as seen from the cbaM 
t complicated system. This arises Crom t 
IT tlie indications of the needle to the geo 
) know, arhifcaiy or 
Is terrestrial magnetisra, Duperrey, by d 
la magnetk viuridiani end parallels, dt«WB a 
llich have much the same conformation wit 
^etic poles that the meridionE and patal 
■e to the geographical poles. A magnetic n 
E to Duperrey, is the line that would be 
letting out, Bay from the south mag 
lUing always in the direction of the magna 
uhed the north magnetic pole. The magnel 
» drawn at right angles to the Diagnetic me 
;. 25, the isodinic lines, by the same 
e tame epoch, are given. In the upper pa' 
■g left white, the north end of the ne' 
1 the lower part, which ia tinted, the boc 
needle dips. The amount of dip ia market 
Thus, the line passing through the centre 
marked 70°. A dipping needle, at any ph 
line, ia inclined TO" to the horizon. The 
to the north of the British Isles. In Icelanr 
therefore, tiis dipping needle bos an ind 
thnn 70°, and less Uum 75°. The line matke 
of no dip ; at any station on it the dipp\»s 
xontaL Tiyn ling ig called tiie Tnoflmlio «qii 



n that it is not eoincident witli the geograpbical a 
I |t is not even a great circle of the earth, hut is an irrugnl 
eUTTB cutting the efiuatoi in two points, one new 
f Airico, and the other in the middle of tl 
The points on the earth's surface where the dippti 
eedle stands vertical, and where, in consequence, as befof 
lentioned, the compass needle tics in any direction, e 
e mpigcetic poles. The north magnetic polewns fbund.1 
Mthia Felii hy Captain Ross at 70° 5' N. lat. and S63P 
!, long. Accoiding to Guu»s'a calculation, it should b 
n st the time (1S3I) some 'Jf north of this point 
eervations mailc at Hobart Town, the nearest station to i 
e south magnetic pole should lie 66° S. Int. and 14B°\ 
~ jse points are not diametrically opposite each trt" ' 
I the geographical poles. If the lines of equal dip y 
a glohe, they would fonn round the magnetic p 
^ lyatem of irregnlai circles, somewhat resembling that of ti 
lallels of latitude round the poles of the earth. 
We do not add an isodynamical chart as it would engt 
N> much space. Colonel Sabine's Dynamical Chart, along w 
te isogonic and iaoclinic charts, will be found fully engm 
explained in Johnston's Physical Atlai (nc 
^rom this chart we learn ttmt the magnetic intensity u li 
B the vicinity of the magnetic equator, and increases SftH 
^roBch the magnetic poles. The lines of equal int 
^tongh running mnch in the same direction as the linM^i 
pnuX dip, are neither coincident nor pamllcl with M 
e line of least intensity, itself not an iaodyn&inic 4i 
i nearly parallel to the magnetic eqnator, hut Ilea, aiti 
p the western half of the Pacific, a few degrees to the Mil 
[' it. We thiu learn that the changes in directiMi >) 
■ibitenEi^ do not march together, , We should fancy &tM 
[. tbat point or points on the earth's eurfoce where the dip^ 
^iiOeedle stood erect, we should be nearest to the centra of 4 

jnetic energy, and that there tho force would be gfa(4l 

blmt this is not the case. Tlie point in Nortli Anui 

fririiero the intensity is grenteat, is Ritunted to the we»l 

godson's Bay, some 18° south of the noith magnetio fe 

ktt thia is not the only point of maximum force in th^sc 



intoimly. 
Ij- ailliering 
the opinion of 



c hemisphewi Tli«i« is anotlior, wlilch inu found 

a Nurtlitm Silwris, uboul tlie longitn^Q 

1 point IB weaker llum the Aiucricui, 

! proportion of 100 to 107 (SnbiauJ, According In 

, there can only be ono b 

1 hemisphere, which ia stronger thnn cither of tho. 

t two. It lies uorth-eaBt of tho south magiK-tic pole, 

I its intensit; is 137 (Gatus] compared witli 107, that 

' e principal northern centre, At none of Ihose point* 

t the dippiug-nfiedlo atund erect This want i " 

the points of vertical dip and of i 

baa led to some confusion in the uac of thft 

t niagnetic pole ; aome writers meaning by it a point 

1 dip, and otheia a point of k " 
gidopting the foniiei definitioa, we ar 
1 popular meaniug of the word, and t 
a, perhaps the greatest authority on tlie subject. Soma 
) best English authorities, however, attaoli to it the 
a loeaning. 

'lliongh the total intensity increases as wi! go north- 
r southward from the line of least int«nsfty, ths 
iahea, This ariaca from the fact 
1 horizontal intensity depends on the dip ; 
e dip the less the horizontal intensity (17). Henee, 
"" ;, which ia aifected alone by the horiiontal 
i^ty, oscillates more sluggishly aa we leave the line of 
istensity. A dipping-needle, for instance, oscillates 
T at Iiondan than nt Calcutta, because the total intensity 
i affects it is greater at London than at Calcutta, hut 
a compaea-needle it is the reverse, (roia the horizontal 
uity being greater at the latter than at the formel 



..Varialiona of the NM4U.~The magnetic clementa do 
Q constant in tlie same place, but are subject to 
though small variations. TlieflR are regular and 
Under regular variationa are included teculair, 
I and diurnal Tariationa Tiie Becukr variations 
i centuries tor their completion. 1\ve So&smTi:^ ''ija 
■ 1 and dip at Ixndnn. in. 4 ' 



1B78, . . ll" 16' emtedj. 1 

1867—1682, 0° 0', no dMlinaUoQ. ] 

1760. . . IB" SO' werterlj. 3 

1816, 2f 27' 18" wratarlj. 1 

UaiiiniiTD. 1 

1860, . . 22° 29' 30' westeitv. ] 
1SS5, loo. 1, ) 
at Eev, \ 



72' 8', 

70" as*. 

69" M'; 
68° U'. 



21° t 



u these obeervationB it irUl be seen that in 1678, ■ 
« earlicEt reliable nieoauremeut of the declinotioii was i 
a 11° 15' easterly. This divergcace from the true i 
ahed till 1657— 16S2, nhea it poiated to the 
' boitli. It then varied westward till 1815, when it i 
furtbest Icota the tnie north. Since then the needle has 
ll Tcecing eastward, and conung nearer to the north. At pn 
I the annual decrease of declination at £ew is S'. At 
r Tate it would take rather more than eighty-four yeats 
r Ihe compoaa-needle ehifts tlirough a whole point. Frran 
■• obserrationB of the dip, we find that it boa been grada 
kdecreMiug for the last one hundred and fifty years. ' 
|»iiQal decrease of dip is at present about 2'-6. From the { 
I obaervationa have been taken of the declination and dip ii 
a iar from having complete a cycle of diangi 
I ^either, and it la as mere matter of speculation bow long 1 
I may take. The mt^etio history of London does not apl^ 
L other places ; each place, so fLir as has been ascertained, ' 
I ■ magnetic history of its own. Thus, in Paris, the ti 
o declination was 1 66Q ; and of maximum declination, 
J tile latter amounting to SS,° 34' west. Every place, aco 
I to Barlow, appears to have its own magnetic pole and 
I Magnetic intensity has been observed for so short 
- that little as yet is known of its secular variation. 1 
t .msguetio intensity at Kew, let January 1665, was lO'SI 
"units, or 4-6Q metrical units. At present, 
sontul intensil; is increasing in Europe, but that i 
jtartly from decrease of dip. 
The magnetic elements are also subject to 



n« a yearly will a daily jwi-l^.L In ilu'L-ril.-iug Uiciie iliorUjr, 

lief porticalani of the annual varinltDn xf de>'1innti<in glvea 
Cwidni: Prom April lo July, vr fivm llii vinml e-iuinor 
tho sanrner sulMico, the wMtern lie^tiiiiili.ju .IwrwueB. 
n the enmmer BoUtke to the venial cquitioi, Ihjil ii^ 
atg tb« vtbtT cine luimtiu cJ tliu ycur. tlu^ di'dinoUon 
ea«e^ the nevdle ttmung to the west. Ita position in M^ 
in October is nearly the wm« ; so that iu tho winter 
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needle. A rise of this line indiwitefl a change of 
h end to the cast, a fdl a change to the west ' 
cnl between two homontol linea correspocdj to a defl 
of the ueedle 1' to the east, and a fall 1' to the w 
line marked o is the magnetic meridian, or the m 
t yoBJtion of the needle. The interval between 
1^ lines corresponds to on hour. The conrse Legins 
ra at nigbt, ami enda at twelve t\iii iofio'jrm?, -o 
■a^RM nigbt, the magnet ^^^^^ ol ■(!&% 


lis 
Tift 

at 



poMtioD, and coiilinuca neorly in the same pomtion, V 
only a sliglit westerly deviation, till fifteen hauiB {m 
in tlie morning), when it veers eafltward. At twenty b 
(eight in the morning) it ruaches its ftu'tbeat eaat p 
From eight in the morning till one in the aitemoon, it n 
■ Bweepof iff towarda the west, end then ata»ds about ff tow 
west of the mean. After one, it goes westward tillro ' 
when it again begins the same nouTBe. The needle stands fij 

n position a little after ten in the morning, and e.' 
liefore seven in the evening. The conrse here deacribea^ 

e for the year. But the diurnal range is 6 
in diiTerent months. In May, for instaoce, the aven^ it 
tetween the estrome points is 12', which is the 
range for the year ; and in December, when it ia a 

9 only 5' SS". The diurnal changes here deacrihed i 
Kew are raui:h the same all over the north n 
■phere. The amount, however, is differenL Near the n 
aetic equator the diurnal variation ia httle or nothing, > 

i we go northward. Captain Duperrey t 
that at or near the magnetic eipiiator, the north point of B 
needle in the morning shifts slightly east c 

occordirg as the aim pasaca aouth or north of ^ 
, In the southern magnetic hemis] 
s of the needle take place much in I 
in the northern hemisphere, only the «onth pole takeji'd 
place of the north pole, and the direction of the defle 
"« reveraed. The correEpondence, and at the same time 01 
BJtion, of the southern hemisphere ia also shewn from the S 

n range. When the s 
aorthem signs of the zodiac, the range is a mniimnTn iJi'M 
northern, and a minimum in the southern hemisphere ym 
when the sun is in the aouthem signs, the revena i 
jdoce. The diurnal variation is so small, that the c 
eomposB-needle is not delicate enongh to shew it. 

The wregtiiar variations are those which break ii 
ttgular match of the diurnal variation without in 
Sltering it. Instead, for instance, of the needle a 



pmg 



westward from B A.M. to 1 



s shewn i 



i,vbsa Rfoetad \^ irr^ular Taiiation, d 




'- o( the Mtkte ' 



msgnetum. Tho theory of the two magnets o: 
ably defended by Hanateen. 
Barlow conaidered that the earth acted oa the m 
■ i4ltTrentai of electricity tniveraed it £rom. eaet t^ 
I ^ted itB action by wrapping a wire in parallel coils n 
f irooden globe, and causing a guIvBiiia current to pasi thtt 
Each turn of the wire represented a magnetic ' 
A the two ends of the coil the magnetic poles ; and to fl 
j {dete the analogy, the glohe was movahia on i 
I ftood in the same relation to the ends of the coil as the Q 
K*«mical to the ntngnetie poles of the earth. When ■ 
■;seedle was placed on the globe, its declination, and dip bi 
■Ijtriting resemblance to those of a needle similarly » 

1 the earth's surface. The objection to this theory a 
JiSifficnlty of accounting for the origin of such currenta in ' 
~ meet thii^ some suppose the earth to be a h 
mo-electric pile ; as the heat of the aun falla oi 
FeC it, cnrrenta are there generated which travel n>Qnd fl 
^Jlobe. Biit how, again, it may be asked, are the conditio 
IW thermo-electricity implemented by the materials of tl 
m enth I" This question still remains to be answered. Tha d 
1 eonnection between temperature and magnetism is ahewK^ 
f HlB dinmal Tariation of declination, the epochs of * 
I (tloiiely correspond with those of the daily temperatuM, i 
I ifcy the fact that the isodjrnamic and isothermal lines n 
L.M marked correspondence. Sir David Brewster has also a] 
flJiat there are two centres of maiimnm 
f Iiemispheie, which ore situated near to 
; 'poles. 

Qanss did not staj't from any simple 
Ot two magnets giving rise to the magr 
nor did he ussert or deny its electro origin. Cofcii 
\ irhole earth aa magnetic, he aimed at detem " 

a whole at the difierent points on its sra'fac^ 

I to maVe the equations he obtained theorDticd 

attempt eipreas the diatribution on the earth, t' 

elements of eight stations at a sufficient distance f ; 

I ether on the earth's surface had to be asoertaii 

Flitituted in these eqiialioiu, This don^ itom t 



xrnl Utitmla of ■ _ 

■Wv IM nu^Dietic clemenli. TIm maunotic cbatti vhidi b 

' ' Mir>iigh foaodcd on llic iin|icr(«:t obwmtianj I 

I a/iixa, a» MUjgiil&rly in k«epui^ wiih fact, b&iI I 

. .iblieb Uie correctness of bia roanoiiiiigg. 

■Jiir Tnrintioas lire lu yot wholly uiinccouuled tor, I 

Tur- I iii^L' uf the diutHBl vuiatioD is nnirerBuUy attributed I 

111 Xhii sun. Secjthi, who carefully *tudicil the diunmi vurio- I 

tiuu uf the needle, uoiieiilera that the euh, bo for a> they ue J 

□ti!, ucts npua tlto earth as a jwwvrful magnet ^j 



DiEtmagnetism. 

L Br Faraday was the first (1845) to shew that oil bodies 
II lege effected by magnetic inllueace, and liis bean- 
II the subject haye opened up a new field b 
ua of ecien^^. Ue found that the magnetiam of 
IS manifested in two ways — either In being attracted 
Hgnet, ai iron ; or in being repelled, tike biamulh. 
a luedle or dender rod of iron ie suapended between 
a of a magnet, as in fig, 27, being attracted by tUeu, il 
ji a position of rest 
B line ab, joining the 
Wheu a. sub- 
« behaves itself in this 
said by 



I itself as:iallil, 

A rod of J 

e other hand, 
f the poles of the magnet, c 
t angles to 06. Bismuth, and the lite aub- 
\a dianiagnetic, and they are said to place them- 
~i,cd being the equator. Those tenua, being 
1 graphic, have been uw'EtsaM^ adss^ftsA. 
i b/ Fatadiif to in^catA s 



of cither sort, Bltbougli in general Innguege il 
to refer tu poramaguetiu bodies, gucIi as ir 
..IQAgiietic bodies, then, ore those which manifest the s 
^pertiea with regajil to the magnet that iron does; 
^etlc bodice aie those whiuh, like bismuth, ohew O] 
esponding properties ; bo that in 
e paroiaegnctic bodies pltu^a themselves uda]lj',7dl 
'. bodies place themselves eqiutoriaUy ; and n 
S attrcicted, the Litter ore repelled, and S 
aagnetic, therefore, not in the elongate " 
Bompact Ehape, snch aa a ball or cube, is attracted b 
e of the magnet, when suspended near it ; a b 
IL diamagnetic, on the other hand, experience 
Bd, repulsion. 
'■ The patamognetism of iron, nickel, and cobalt 1 

■ I the presence of magnets of ordinary pcpn 
imt the magnetism of most other enbstauces is bo &I 
■I to be developed only imder the influence of ) 
_ _ strongest magnets. 




A tlicm while imder otweiraliciii from ciirrenU of ilr, 

a frame of simple coustruction, fig. S9, U mada to fit 

The upjier plate of the frame admits a wooden 

which an upr^t glass lute is fitted. The thread 

1 the ueedle i^ Buspended is wound round a slendet 
e bobbin at the tup, bo that 

! elevated or lowered to 
' position. To modify 
Jie aftion of the magnet, 
a of Hott iron (fig. 27) are 
est on the cud faces ; these 
anted at one extremity, aud 
} other, BO that the farce 
fi magnet may be concentrated 
jea they are turned 
U each other ; or diffoBed over 
Exiirpo^te flat surface, when their 
_ " Is reversed, ^^ ,3 

To observe the effect of the 
' magnet on liquids, Faraday placed them m long tubes of 
very thin glass, and suspended them as m the case of sobd 
i-Leiilea, It was found that aome arranged themsehes axially, 
:iil others equatorially. The attraction and repulsion that 
li'iaids experience in the presence of the lua^et has been 
iEy shewn by Pluefeier. A larRe drop of liquid is placed 
AWatch-glusa (figs- 30, 31), and kid upon two poks of the 





the figures. If the liquid be paramagnetic, 

depressed at the interval between the 

heaped up over the estreme edges of them (fig. 30). 

^tic liquid, on the other hand, shews a depression 

of the poles, and a heaping up at the centre (fig. 



The magnetic nature of flamga and g 

Btudied When the llame of a caniUe is brought £ 
pales of a magnet, it i3 repelled hy them, mid H 
I homontally into an equatorial position. To t 
1 uiagaetJEm of gases, Fomday inflated Eoap-babUev 9 

aad their para- or dia- inagnetiam. waa exhibited bySL 
k attracted or repelled by the poles. He oscert^Qcd i 
[ by causing the gaaea to flow out from, glass tubes nt'' 
I Jiresence of the poles, when the peculiar mugnetism of Oat \ 

B Bhewn by its thoosing an osial or ei|uatorial n 
^ ^resB. 

The following list gives the kind of m^netism dlapEaj 
by the more common subatancea in the order of their p 

Paramagnttic. — Iron, nickel, cobalt, n: 
titamuin, palladium, paper, sealing-waz, peroxide of 1 
plumbago, red-lead, sulphate of zinc, shell-lttc, 
ohoicoal, proto and per suits of iron, suits of n 
. oxygen, ait 

DiamO'jnetie. — Eismutb, aatimony, ; 
■odium, mercnry, lead, silver, copper, gold, ai 
[ tungsten, rock-cjyatal, niiuerul acids, alum, glass, 1 
aitre, phosphoms, sulphur, resin, water, alcohol, ether, a 
•tarcb, wood, bread, leather, caontchouc, bydrf^en, e 
odd, coal-gas, nitrogen, 
^ nature of the medium in wbicb the body niular ti 
1 moves, exerts a powerful infiuence o: 
Lt of the magnetism it exhibits ; thus, if a glass tt 
lUed with a solution of the proto-sulphate of iion, a 
pended between the poles, it wiU place itself axially. 
rdo the same if made to move in water, or a solnliwil 
L dilute of the proto-sulphate of iron. It will l 
^# Bolutiou of the some strength, but it will place itsdFj 
jally in a stronger solution. Tliun, the si 
ir paiiunagnetic, indifferent, or diamngnetic, e 
e of the mediun' in which it moves. Aa a 
magnetic towards one le 
* equally m 







This has given rise to tha theory, Utat there is ni 

tUung as diainngDetism jir.r je, and tW bodies are dia 

c only iu media of greater pantfuagnetie power than 

This Tiew of the case is, however, rendered highly 

bobkble from the fact, that diamagcetisni ia exhibited a 

Tainiam as ia any roediuiu, aod a vacnam 

t be sappoBcd to pMseaa iiiai,TieEic properties of either 



Chronology of Magnetism. 

I. The property of the loadstone to attract iron appean 

3 been the oaly fact in the science of magDctiBm 

ti to the ancients. The com|>a^ is a comparatively 

discoveiy ; it was certainly tnowa in Europe 

I I2th century, the first reference to it being Wile 

t poem by Guyot de Provias, now in the 

, library of France. Tha Chinese, according to 

quainted with it as early aa the 4th centiuy. 

■ of the change in declination at diffei'ent 

dly attributed to Columbus, and was one of tho 

f important observations of his memorable voyage aero 

Robert Norman, an inBtrument-maker i 

a, first discovered tho dip of the needle in 1570. He 

by finding that needles nicely balanced 

« magnetisation had to be slightly loaded on the south 

] them hotizontal after being magnetised. The 

f important contribution to magnetism as a science, 

B Tmctaliia de MagnUt lij Dr Gilbert of Colchester, 

1 to Queen Elizabeth. It was published in 

el tha word poles with reference to magnets, and 

leoiy of terrestrial magnetiBm, viz., that of the 

Halley, the aatronomer-royal, pubUahed hiB 

a four poles in 1683. In 1688 and 1689, at tha 

f government, he made two magnetic voyagea, the 

■ ■ "i he embodied in his charts of the lines of 

^^fiihlithed in 1701, whidi vb» 



magnetic cliaits cv^ published. la 1723 the dinnidTI 
tion was discovered by Grahiun, the celebrated instrumi 
maker of London. About the middle of tJie ISth cei^ 

Lannatures began to be used, and various new proceeiel 
^etifiution were found out Knight invented dirid 

■touch, which wuB afterwarda improved by Duhamel ( 

rand Mitchell donbla touch, afterworda improved 
Epinus (9). Brugman, in 1778, discovered that cobalt 1 
attracted and that bismuth wua repelled by the i 
Coulomb (1789) discovered the law of the d.i3tribuU«( 
magnetiam on a magnetic bar, and the law of t 
attractions! aiid repulsions. The first inelinatior 
published by Wilke, at Stockholm, 1768. Haml) 

I inaugurated the present Eptem of careful observaticiii 
Kterrestrial magnetism by taking comparative i 
Tef the magnetic elements at I^u. and Paris (1799 — 
" uBteen's work on the Magnetism of the Earth (21) w( 

^Ushed at CliriEtionia, 1817 ; in 1826 he published the fioj 

■ dynamic charts. Barlow, 1831, suggested the electric a 
I of terrestrial magnetism (21) ; and 1833, introduced ctn^ 

■ plates of ioft iron for ships. In 1631, Captain Bobs a 
■■tiie north magnetic pole. In 1835, stationB were ea 
libhToughout Europe, und the observations were publiebS 
lOauss and Weber, 183a Gaosa (1833—1840) perfect^ 

theory. In 1837, Colonel Sabine published an. JModyaii 

KCbart of the whole globe. DiamHgnetism w"" ^" ~^^^ 

iFaraday, 1845. Observations were made (1840—181 
^Bt&tionB throughout the British Empire by Briti^ o 
Bunder the direction of Colonel Sabine. In 1855, *"'_ 
m shewed that a diamagnetic body assumed tlie opposite vAt 
l> to a magnetic body when under the action of magnetic fc^ 
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First Principles. 

24. Electricity of two hinds, Positive and Negative.— The 
fint principles of electricity are illustrated by the elcdric 
fendulum (fig. 32). A glass tube bent at right angles, so as to 
project horizontally, is placed on a convenient stand. On the 
hook in which its upper end ter- 
minates, a cocoon thread is hung, 
to the end of which a pith-ball is 
ittached. Glass and sQk, as will 
he afterwards mentioned, do not 
conduct electricity, so that what- 
ever electricity is communicated to 
the ball lemains in it. If a tube 
of glass be rubbed by a dry silk 
handkerchief, and brought near 
the ball, the ball is at first briskly 
attmcted, and then as briskly 
ftpelled ; and if the tube be then 
moved towards it, it moves off, 
keeping at the same distance from it. The ball being so 
affected, or charged, as it is called, a rod of sliell-lac or of 
iwling-wax, after being rubbed with flannel, attracts it, if 
pOBsible, more briskly than before, and again sends it off 
exactly as the glass had done. If the glass tube be now again 
taken up and rubbed a second time, if necessary, the ball will 
«t towards it as it did towards the sealing-wax. The same 
•cries of attractions and repulsions would have taken place if 
^ehad begun with the sealing-wax instead of the glass tube. 
"e interpret this experiment in the following way. When 
■p*« is mbbed with silk, it becomes invested witli a "pcc\i\\M 
J»perty, whJcb gives evidence of its existence by allrwi\aii^ 




Fig. 82. 



a pitb-ball or any other ligbt enlistance ; and 
commuaicated this property to the ball o 
Tepulaion takes place between them. 
boll being suspended by an inuukting thceftd, it 
property of rnbbed glass thua given it ; taxA all 
repelled by a body having the same property, it i 
attracted by rubbed sealing-wax. After contact 
place, and the property of rubbed sealing-wax 1 
that of nibbed glass in the boll, the two simt] 
bodies again repel, and the same aeries of att 
repulsions yill continue if we preaeat the ^asa 
altomateiyto the ball. Thesepropertii ~ 

by iriction, are the manifestations of a force cat 
the electricity of the gloss being called mtremu, 
eealing-wox rmnous, glass end lesin being the tfp 
on which they are produced. For Titreous, poi 
resinouB, negative, are now almost univeraJly 
and although these terms are meaningless as ajv 
similar uffeotiooB of matter, they have the advaot 
definite, and of having no reference t 
electricity originatea. They admit, i 
Tenient contraction, viz., the algebraic + for pot 
for tiegatiiie I and when written in this way, U 
opposition, so to speak, is graphicaUy shewn, 
thia work, we sliall use the contraction -|- 1 
electricity, and — E for negative electricity, "ffi 
by the above experiment, that bodies cUetrified eit 
or negatively, attract newlral bodia aful boditt 
ekctrkUy of on opposite Tiame to t/ieiV (xm, h 
affected with tlectricity of Hit samo iionw; amd t 
eaii he com/mvniealtd from om body to another by a 
tact is not the only way in which one body 
like electricity to another. We find, when we deal 
bodiea than the pitb-baU of the experiment, alti 
even with i^ that the paasHge of & yiark betweal 
with^j^^^MttxnununicateB the electricity of tt 




k handkerchiof employed to rub the j 

- electric state, and tlia flmmc-l rubber of the 
the vitreoua or +. This canuot, however, be 
k ahewn, as the expedmeut is performed, for the mbbeis 
le tightly embraced by the hand, which carries 
r pecnliai electricity, so that they give feeble, if any, 
« of electrical eicitement. Ab the rods are held only 
ir extremitiee, the electricities of the untouched portions 
^ abnoet no diminutioii. If vulcanised india-rubber cloth, 
se, be nBed instead of the silk handkerchief, the tubbing 
[«f the cloth shewE — E. The different clectricitieB of 
ibUng aniiaceH are best shewn when the rabbets as well 
IB Tabbed surfiices are insulated.' When two similar disea 
E of glass, the other brass covered with a'llr — held by 
malatiog handles, arc rubbed together : so long as they aia 
itept touching, no electricity is shewn, for the opposite elec- 
tricities neutralise each othec; but when they are Bcparated, 
lie former shews +, the latter — E. The negative and posi- 
. i: conductors of the electric machine iHustrato the same 
.nieiple. From the most carefnl observations attending the 
TjMdiictton of electricity, we ore led to conclude that iiAen 
s iTiuiA of the oppoeiU ekctrkity i$ 



1 nature of the rubbing and rubbed surfacea 
a the kind of electricity which each assumes. Thus, 
e rubbed by a cat's fur instead of silk, its electricity 
i of +. In the following list^ each body, when 
f one preceding it, is negatively electrified ; by 
ceding it, positively : cats' fur, smooth glass, 
I, wood, paper, silk, shell-lac, ground glass. 
pieces of the eame material are rubbed together, 
; smoother becomes positively eicitcd. Metal 
nibbing against a pla.te of the same metal determine 
I themselves, and -|- E in the plate. When a white 
s rubbed by a black one of the same texture, the 
EComea +- A plate of glass becomes + when a 
ir da directed against it from a pair of bellows. The 
i by steam of high tension isauing from a 
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depend oa the material of the latter, Thia j 
turned to advantage by ArmatniTig in t1 
holier electric-macMne of immenBe power 

26. Sdmtcm 0/ Eketritity. — There are other ir 
isg electiicity of the same nature as that obtained hj fi| 
besides friction itael£ In general, eveTything that tn 
diatarb the molecular condition of bodies tends to si 
electricity. Cleaviuie, presiurt, and thangs of tmfiK 
more especially in crystalliue minerals, are frequently M 
with the development of electricity. — The eleotrici^otl 
age is shewn b; rapidlj cleaving a plate of mica, whehll 
the divided faces shews + E, the other — E. A fee^' 
phorescence also marks the separation when made in ilw 
Several other minerals possess the snme prox>ertf. XM 
that accompanies the breaking of loaf-sugar and \ 
candy in the dark is geneiaU}' attributed to the dc^ 
of cleavage. — Haiiy found that when a piece of e^ 
is pressed between the fingers, it becomes poaitiveft 
tcified, and remains so for days togethoT. KitdB 
topaz, mica, arragonite, quarti, and other minerBl%T| 
one or other electricity when pressed. When tww 
one of cork, the other of caoutchouc, are pressed tq 
hy insulating handles, on separation, the former ia"! 
to be +, the latter — . A slice of cork and a all 
orange observe the same relation in similar c 
When in the latter case the separotion is sudde , , „ 
obtain a greater effect than when it is made slovlw 
which we Icam that conducting Bitrfaces when pressei.M 
shew no excitement, probably from the recombinatioitQ 
electricities at the instant of their production. — Toii^ 
offeM the most remarkable illuEtrotion of the elsi 
by chanf^ of temperature, Wlien a crystal of thia 
heated, it sliews at each end of its principal axis a ffl 
electricity. If it be divided when thus excited, aa^1| 
halves has an electricity at each end like the whole. 9 
manifests an electric polarity, like tbe magnelic ptiltj 

' ing ceases, for a 
polarity, and theij '^^^~" ~~~ 
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FBICTIONAL OB STATICAL ELECTRICITY. 49 

tonrmaline seldom shews electric properties. Topaz, Loracite, 
mid several other minerals^ resemble tourmaline in their action 
under heat. The electricity thus developed by heat is some- 
tiines called ^pyro-electricity. — ^There are other sources of 
electricity, of which we shall afterwards treat, such as chemical 
Action, motion of magnets, heating of different metals at their 
jnnction, &c ; but these give current electricity, while fiiction, 
deavage, &c., give statical electricity whose properties are 
best studied when insulated or at rest. 

27. G&nductors atid Non-condv^tors (Ger. l&iter, nicht-leiter). 
—If a rod of metal be made to touch the prime conductor of 
an electrical machine immediately after the plate has ceased 
to rotate, every trace of electricity instantly disappears. But 
if the same were done with a rod of shell-lac, little or no 
diminution would be perceptible in the electrical excitement 
of the conductor. The metal in this case leads away the 
tlectiicity into the body of the experimenter, and thence into 
the groimd, where it becomes lost, and it receives in conse- 
quence the name of a conductor. The sheU-lac, for the 
opposite reason, is called a non-conductor. Different sub- 
ttajices are found to possess the power of conducting electricity 
in. veiy different degrees. The following series classifies the 
more cconmon substances according to their conducting powers, 
h^inning with the best, and ending with the worst conduc- 
tors. Conductors — The metals, graphite, sea-water, spring- 
water, rain-water. Semi-conductors — ^Alcohol and ether, dry 
wood, marble, paper, straw, ice at 32° F. Non-conductors — 
Biy metallic oxides, fatty oils, ice at— 13° F., phosphorus, 
Kme, chalk, camphor, porcelain, leather, dry paper, feathers, 

1 hair, wool, silk, gems, glass, agate, wax, sulphur, resin, 
imber, gutta-percha, caoutchouc, shell-lac, ebonite, water- 
vapour as a dry gas, dry gases. 

The arrangement into conductors, semi-conductors, and 
iU)n-conductors is made with reference to frictional electricity, 
or electricity of a high tension. The substances which are 
mni-conductors for frictional electricity are found to be 
almost, if not altogether, non-condicting for the electricity of 
the galvanic battery, which is .jre,y feeble to force a passage 
tfaiDugh them. The metals, mex^Hii appear to be aM iveia."c\^ 

I 



alike CtmdQcting fot £rii:tioiiBl electriait^r, ofi^ yiiA 
reeistanteB to tha transmission of tte gi ' 
relative couducttng' powers are afterworda givett. 
TABiSii, Aa increaaa of temperataie has in tiia 
effect of lesaening the condncting power, wMlat fi 
other subetances it has an oppoeite effect Qli 
conducting at a red heat, and so do was, snlpj 
and shell-loc, when fused. 

Inflation. — When a conductor is placed oi 
supports, so as to prayeut the electricity c( 
from passing into the grouud, it is said to be tn« 
usual insulatiiig material employed in the con 
electrical apparatus is glass, which ia hard, duiahU 
worked ; and could its surface he kept dry, i 
of the best non-conductors. In. frosty and veiy i 
glass insulates well ; but at all other times it beat 
with a thin, scarcely visible, layer of moisture, 
considerably impairs its inanlaticg power, 
insure dryness, it is necessary to heat electrio 
before use. Water-Tapour, in the form of an 
is non-conducting, and when it can be kept from 
on the gloss, it does not in that state affect t' 
power of the air. The deposition of moisture ia ran 
by coating the gksa with ahell-lac, which ia done 
the glass when hot with shell-kc varnish. Cbeen j 
contains no lead, is better adapted for the cont 
electrio apparatus than flint glass, and does : 
moisture to the same eitent. Ebonite, a rigid 
of vulcanised india-rubber, which has come mu< 
of late, is much superior to glusa as an insulato 
this substance that india-rubber combs a 
dry and frosty weather make the hair crackle with 
" ' " t insulator^ a: 



e tUmiakbe^ &nil to tul«i il into nccnuni in ntiuutmjt 

d Nott'slfetna (Ft, vtuiflectnqxu*, aiiileelnqim), 

i teim eleetric* is applied tu those Bulmbux^w which, 

1 the hands anil nblied, become eluctriu ; tai 

Id, hi thciK which do not. The distinction in nlmoat 

7 one, for almost all bodies when rnblicd beiwina 

In Uie cose of lytnductun, Uia electricity is no eo 

a it ia conveTed by tlie body to the ground ; whilo 

e of non-conductonj, feom want of comluction, it 

It on their em&ce. When a meta! rod ia rubbud witlt 

k liandlceruhier, do electricity is shewn by it if it is held 

and i but if it be held by a handle of glass, it bcxiiues 

The hand conveys the electricity of the rod to tbo 

d m the fltst case, but the glass, insnlatiiig the rod in 

id, prevents this difuharge. The rod is truly an 

i both cases ; non-electrio is a term wliich, slrittly 

is applioable to very few, if any, snbetoncea. 



Statical Induction. 

, Induction (Fr. influence, Ger. iTerifcri/un^).— Elactri- 

S the power of inducing the bodies in its neighb[>tir- 

a peculiar electrical cooditioQ 

■ following simple 

L brass cylinder, rounded at 

'a (fig. 33), IB insulated 

at. Two pith-balls, hung bj- 

a threads, are attached at eitlier 

nity. When an insulated ball 

1 with + E ia placed within 

tea of the end of the cylinder, 

!b at each end diverge, shew- Fig. 33. 

t each piur is chained with 

i electricity. Wiien the churged ball 

I hang down aa before, bo tbat X^ 

f tempOTBiy' 





1 then« 



on the pniximitf of tUe charged balL X^ wlule IJ 
apart, a proof plane (Fx; ^laii (Fiprsuve; Ger. proh» 
consistiiig of a amiill disc □£ gilt paj 
at the end of a ghisa rod (Sg. 34), ha i 
the end next the charged hall, and the 
to an electrometer, the electricitj is fou 
if the seme he doae at the other end, i 
nearer end of the cylinder is thus i 
the + E of the charged hall ti 
electric state ; and aa no — E 
out as much + E, wc &nd the other ei 
electrified to the same extent. That t 
electricities ore equal in amount, is pio 
fact that they neutralise each other vhe 
ia withdrawn. If the cylinder were mai" 
1^ parta, each supported hy a glass leg, tlu 
^_ citiei niiglit he insulated on withdrawii 
from each other in the presence o£ the d 
ne being +, and the other ~. The neutral li 
iro electricities is found to he nearer to the ei 
and to shift nearer to that end as the ball opproi 
1 of the electricity of the chained ball radae 
^linder this peculiar electrical condition is calledi 
«ai the cylinder in this state is said to ho pokuiitt 
M have its poles or ends like a magnet, each 1 
P.Bimiiar hut relatively opposite force. 

The + E of the further half of the cylinder (fig 

IITTTH 



' E existed on the other i 
;$^eiu tUc&ta\.,^ 



fagation of tt, m St wotp, withMit toadilDj^, *hm Uiii 

1 eyliudar, iimler tlm itiiliiclivii of tlic + Eot the tint, 

1 into tlie Haiui! iiute u^ iho finC Tliis smouiI can 

^ the Bame state in a thirU (Hg. 35), und eo on. As Ibu 

\e withdiawn, the wLnle tencf retiini t<i th«fr 
I conditicin without beiug in any way portuanimtly 
alfecti^ Tbe moment, however, It i« again brought nCar, 
I )i cylinder becomes again pobriswi, and there in nuinifoatod 
.'. :tit furttier termination of the lust H + E, which eierts tbo 
o.uuti influence on the Imll connected with the ground oa if a 
jiiii'tion of the electricity of the ball had been actually 
conimun lifted or tmnaferred to it 

From tlie portion uf bolK elfelrUilie> in induction, it iBi 
ittoiiileBt that they obnerve the tame atlraelians and reputnoru 
HI the b9die4 afftcted bij Ihsm. Indnctiou throws light on 
electric attraction. The pith-hall of the electric pendulum 
(tig, 33) is in the neighbourhood of the excited gluaa iu the 

1 .' poiarised condition as the cylinder (fig. 33), The aide of 

ii<'xt the gluts is — by induction, and it h not, aa at first 
:!<;>oBed, the + glaaa altnuiting the neutral ball, but tlw -|- 
.'s attracting the side of the ball in an oppoitite electric 
.[1^ to ilaelf. O^Tng to the greater distanco of the + side 
A the ball, tbe repulsion of the like electridtics is lea 
..Lii the attraction of Oie unlike electricities. Attraction 
■L'lH always occurs between bodies affected by opposite 
tricitieE. 
Tht amoanC of the electricity indatxd by an elcctriJUd body 
< 'L surrov/tidiiig cond'itct(xn ia equal and oppuHte U) that of the 
inihieinij Miy, Paraday proved tbia by the following beauti- 
ful experiment. Eeinaulatedanicepail, A(Gg.36), teaand a 
half inches high and seven iiichea in diameter, and placed the 
niiti-lde of it in conducting connection with the knob of a gold 
1 :i.f electroscope, E. A round hraas ball, C, anspended by a 
' Dg dry thread of while eilk, was charged with + E, and intro- 
.iiiLivl witliin the pniL The pail waajhua subjected to polar- 
.rai.ion, tlji' induced - E being on the inner, and the + E on 
Uit- .lUtcr surface. The divergence of the leaves 
tin Iriii iiLjiJ + E increaaed as the ball 'wna lowere^l 
^ tiree iachea fceiow the opening, whea ftie^ 



steadilx at the Bome point. Tlio lull i 
toaclied the bottom, and comuiQnicated iu 



a In 



jfliea the leaves k 
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ball when Vthed out w 
fully discharged, shewiu 
+ E developed by imiucid 
outer Biirface wm exactly 3 
in amouut aj that of tl 
The - E of the inside 
being equal to the -I 
side was therefore equal t 
of the boll, but oppoaitll 
He altered the ezperimeD 
have four isatdated pails ^ 
other, and the effect on f 

.1. was lost Id the traiismisatoil 
OE paU to the other. We n 
A from this experiment 1 
walla of a room, o: 
surrounding the c 
j .total omoimt of oppoaitc eleutriuity induced i 
Ftg^momLt to that of the body itselC 

29. Oommii'mcation of EUctridty by IndaeUon.— 
Ii toucii lie cylinder (fig. 33) when under induetaoil 
l''talla next the churged ball diverge fiuther tl 
"ie other two oeaae to be aiTected. In this c 
peaking, the cylinder ia a portion of the ground, fi 
and body are conductors ; its dimensions th 
iucreased, more — E ia developed than before, ai 
thrown back into the ground, and ia lost ; or it 
correct to say that the + E now spread over the 
as the cylinder, an infinitely laige surface, is infinita] 
nothing at any point. The — B ia kept Hied i 
the cylinder oppoaita tbe bsU by the + E of theli 
when the hand is jir«i removed, and Mien the 
the balla at both ends to diverge permanently. 
nn ijiMiiiUd body m eharg^ by fceing umnntiaUd J 
m iia pretsnei ^ 



m^ Ot diargt u of the oppoiile kind to that of (Ac 
leiiij lody. 

I. IndiictiiM Univasal in iU Action. — It would seem, 
T, bj a. careful studj ot the action of induction, that 
When a Iwdy is charged by contact or spark, ita chftrge ia no 
hia dne to it. Let us consider the coae of charging the cylin- 
der (Bg. 33) by the positively electrified ball. Wien the ball 
ia brought near to the cylinder, the latter becomes polarised, 
and the — E is tamed towards the balL When the ball is 
near enough, by Bpark or contact, the cylinder ia pprmanently 
■:ljai^ed with + E. How this must occur in one of two waya : 
i'i'.lier the — E of the cylinder at spark or contact pnrti^y 
!i uindises the + E of the ball, and a balance of + E flows 
i.v(fr to the cylinder to increase the + chaige inductively 
already there, or an equal amount of both electricities becomes 
neutrtilised at contact^ and the + E of the cylinder already 
there ia left alone withont ita n^ative twin. The latter 
nattve seems tbs more likely on loany grounds. It seems 
expect that induction, which at the bej^nnlng 
|!itt action can partially charge the cylinder, can, when 
B at contact, fully charge it ; and it seems imlikcly 
It Qie efflux of — E, and the extending of the + E, to which 
B'aetioii at the beginning tends, as ia shewn by the shifting of 
H line towards the point of contact, ehould be imme- 
f succeeded by an influx of + E, as if the charging of 
wlinder had to be done partially by one operation, and 
[ by an opposite one. Faraday's experiment (fig. 36) 
% that no such counterflow takes place. As soon as the < 

ODUgh in the paU to expend all its inducing force 

i, .ihe + E induced on the outeido is complete, for the 

B of the electrometer on the ball being lowered further, 

n at the same point. The + charge which the pail keeps 

is not greater than it was before it, for on contact 

1*168768 ai« not affected. AU manifestly that contact 

a ia a junction or neutralisation of the + E of the ball 

' * — E induced on the inner surface of the pail, leaving 

idnced + E of the outside as it waa before contact. 

arly, in the ctLSe of the cylinder, the charge which it 

" 'j Mceives is fully deveJoped in it at contort ■, ta^AasX 
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merely neutraliaing the — E, and leaving the induced + E 'i 
undisturbed posse&eion of it. The inside of the pail, as shew 
l)y the ball whan taken out, m perfectly neutral The -4 
which charges the cylinder is equal to the + E of the bol 
which ia nentialised at contact, for the — E ■which neutralis 
the + E of the ball is the twin electricitj of the + E 
cylinder, The result of contact ia oa if a portion e 
had actually been transferred U> the cylinder, the loss of Q 
ball being equal to the gain of the cylinder. Indncli( 
manifestly has as much to do with chaining by cont 
cotidticiivtly OS it is termed, as it has with chai^ng 1 
momentary contact with the ground in presence of an excite 
body, or inductively, only the electricitiea commnnicated aM 
oppositfi names. 

But induction leads to discharge as well as charge. Let ' 

dischni^e the cylinder already charged by contact. On ti 

hand approaching to discharge it, the + E of the cylinder : 

I' Its turn polarises the hand, causing — E to appear oa it, ai 

Ending the twin -j- E into the ground. At contact the 4- 

C the cylinder and tlie — E of the hand oi ground neu 

HI wag formerly chained positiTely by — E leaving it j it< 

Bow rendered nentral by on equal amount of + E leaving II 

Lastly, let us coneidei the condition of the cyliiiaa 

1), if the positively charged hall were discharged thloi^ 

n into the baU connected with the ground. The polsri 

t the cylinders would be the same or that shewn ufti 

As the inductive action increases, the opposite ek 

bndties become more developed at eocli end- We must pla 

) cylinders at some distance from each other, and &otn l> 

1 at the other extremity, so as to prevent them touchii 

|nd acting as one cylinder in connection with the grous 

iaj^se them so placed that when a spark passes fioni i 

1 to the first cylinder, sparks also pass at the c& 

interruptioas. When these Bparks occur, tba ball and t 

Bl^linders ate finally discharged. Making use of the «a 

soning hero as we have done above, we cannot eonceivB' 

ftthia discharge taking place in any other way than that at etM 

^teiTuption two equal and opposite electricities nentnl! 

1 odier, The ohoi^ged ball becomes discharged hf H 



'ilIct ti6xt it ^elilLuf! Ht tlte upork as niuoh 

< <f + E ; the cj'liiideis act in tliu tjuue wny lo i-ucli 

r, dut-'iiurging opfimte rlectritilk-a at ouch eml ; nnil 

-l- £ of the further end of the Inst Ejlimlcr ntatrsliiiei ths 

! ', of the ball connected with the (jrounil. Thorn is hore no 

: : L'^e of Iha electricity of the hall into the gromid, hut tba 

t is the EtuuB as if it did. Isdaced electricity 'a tbo term 

^hed to eleotiicity that appenTB cm bodies hefore iictuU 

. . ( ;i^t OP apurk. It is the foreruiuiPr iif ctia:^ and diacliar^ 

-k: iMingi ill fitot, the crises to which induction tnnds. 

1 1 wwuld thua seem that in whatever way e. body acta, 

ii.tlier as giving ot receiving a charge, disehaiging or lying 

I lie path of a dischorge, in every case it is by cleclricitiea 

viiig it and becomicg neutralised or diaappearing by Bpork 

'iLtOct, The usual phmaeology of electricity euppo«i.'s the 

; iijil pa8E(if,'e of the electricities looked upon as fluids, from, 

it. I, and through couductow, but the very existence of indue* 

l.1<:in renders each a supposition untenable. Electric terms, 

likii many otheia, however, in acience, though hosed on s 

WTOilg supposition, diHtinguish quite definitely the phenomena 

tlipy describe. Moreover, they eiprcss what is true in eifeet, 

(iriif-h not in process, and if we look on electricity aa a force 

s'.-hich the + and — electricitJes are merely the manifesta- 

», we niay speak of it ua entering, leaving, and traversing 

.. UBS as one of ita manifestations is, iiccotding to the usual 
!i[.iseology, considered to do. 



Theoretical Views. 

, Flmd Tkcar-ice.—Thi-K are two theories which have 

a important part in the history of the science — the 

1 theory of Duiay and Symmera, ond the ona-fluid 

f Frankliu. According to the former, matter is per- 

u h^hly elastic imponderable electric fluida — 

IS vitreous ; the other, the resinous. ITiese arc supposed 

" i but nttract each other. Seo.\.w\. \iw!ia% 

I of theic 



nentnLtised the one \ij the other; bnt when by f 
Other opeialloii the fluitjs are separated, each bod; olw 
; tte attractions snd repnlaioaa of the fluid it liappens b> h 
Axscaiding to the latter, there is only one electrio fluid ^ 
lepels itfel^ but nttiacts matter. FriclioiL detemuaea % 
of the fluid to the positive, and a loss to tlie negative b< 
Of the two theories, Dufay's is geiiiraally preferred, \ 
tiie perfect similarity of each dectricity, aepaiately ex 
ia better repiesei^ed by two eimilai: fluids, than by a (h^ 
e hand, and matter on the other. The action of ii ' 
tion, as we have just described it, does not seem, to bit 

I idea of electricity being a fluid or fluids. 
theory can give, ia the main, a graphic explanation of 
^leiaomeiia ; bnt this does not necessarily imply their ti 
for any theory which made allowance for the double n 
electric force could not fail to be in some degree saJai 
It ia extremely questionable whether electricity ia a 

It ia tme that the distribution of electricity on t£fli 

is of conductoTB is that of one of the fl 
to act as a fluid, and to be a fluid, are two very A 
thjnga, and eomething more is needed than n 
prove electric fluidity. If such a fluid existed, ' 
expect to have some traces of its separate existence ; 
dperiment teaches us that electricity is n 
transmitted apart from ponderable matter. It ia < 
conceive of fluids of the nature supposed. They axe, m; 
quite as peculiar as the phenomena which they ai 
to eiplfl^ ; stiD, the science of eleotricity is veiy i 
indebted to the soppositiDn of its fluidity, 
lessen the abstnictiana of the science, and to simplify the C 
prehension of phenomena, much in the same way that 
balls of an abacus, though not numbers, facihtate c ' 
1^ being dealt with as such. 

32. Faraday't Theory o/Znduci«m.— Faraday has proptnia 
B theory of electric action by induction, wliich, though it ' 
not profesB to overturn the other theories, ii ~ " 
by leaving r^^^fl^^wc assumplion that electn<nt^3l 






bUcatei] pheuomcAa of vleclrlcily In all Jta conilitionc 
s whole. We kIuiU UieT«fan! give » (IbIojIihI 

I iiljiv Stida ft mdicnl defect in the fluid thMmc* ; vit., 
iving out of accQunt of tho intervening medium in 

'< 'T'ioa Acmriling to them, od elwtrifleil hody i» u cvntn: 

!i which lines of electric force proceed in all direi:llonit in 

liiiht lines. Surrounding "bodies are mora ot leaa aUi-cttd 

ording as tbcy ore more or less near, the air or medium 

tvten Wing in no way concerned in the |>ropagBt)an of the 

The only part played by the air is to keep by its pro- 

■he electric fluid on the electrified body, and pirerent tt 

. -[ringing into the bodiea preaented to it, Faraday con- 

. this view of the function of air to be faulty theoretically, 

: seems unlikely that a dense fluid like air can restrain 

lectric fluid supposed to be inflnitelj rarer; and he 

i, by a series of testing experiments that air has a 

more important part to dischai^e ; that it is, in fact, the 

iTu of propagation. We have not space in this email work 

_ I < ite hia experiments, but wu ahall indicate the general 

iKT£les of Uiew. 

L be a body, say positively etuctriiied (fig. 37), P{9 




of ftoeonnl. Let us suppose that PP being n! 
to the uninlemipted artion of A. B in that e 
polariseil, and whea toucheil witi llie finger 
charged with — E (20) the amount of whitli can b 
!))■ ttii electrometer. Let PP now occnpy a plaoe i 
B. If, ttcconiins to the fluid theories, electric fi 
straight lines lite the rays from a candle, the plate B 
cast, BO to speak, an electric shadow, for the indue' 
eserted on it fliea — E on the mde next A, and si 
to the ground. The bnck of the plate PP give 
faintest sign of electricity, B( 
it Faraday found that when B was placed immediately H 
the middle of PP it coifld not be chained. Ton- 
liowever, of the plata, and even behind the n 
plate, when held a little way out, a charge was g 
in each case negative. At a ceri^ain distaace 1 
middle of the plate the cbai^a reached a ma: 
without whii:h it fell off. Induction here n 
comer, or is exerted in curved lines, which cannot bi 
for in any other wity tlia.n by supposing the a 
active medium of transmission. 

Again, suppose PP insulated, and let B be laid BI 
the plate is toaohed in the presence of A, it is o' 
lively (39), and, as is to be expected, the ohai^ U 
greater when PP is near A than when it i 
If the charge that PP receives at a certain i 
measured when air only intervenes, and again n 
a cake of shell-lac bo thick as to fill up nearly the w 
vening space is interposed Ijetween A and PP, : 
fonnd that the chai^ is greater when the ehell-lac ]i 
The effect ia the same as if the pkte PPinairhi " 

Prom this esperiment Faraday a; 
jfiiat the electric action does not pas9 through the i: 
L as light through a pane of glass, but that t) 
the active channel of communication. 

Faraday calls the medium through which induct 
lir, shell-lac, &c, the dieiwirie. Then 
of different aubstances in facilitating induction ai 
bf him i - - — - 
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a gJTca thfl sppufia iailuctivH capuitie* of 
I noa-coi)dm:tmK eulatiuicm, bilciBg Uut of 
; Air, IDO; resiii, 177; pitch, 1-SIJ ; bccs-mji, 
, I'90 ; sulphiu', 1-93 ; BhcU-iiu, !»■'). All ^mm, 
compinuiJ, havQ tbe tnmu iiidiiutire 
d thu u not uffcuted \iy l«ui|ierature or deusity. 
, hsniig pr<>veJ lliat imlncLiua must have a 
) the partieks or matecalct of Uu dUUolrie 
idaetirrt msiUaUd /r»m each othtr. EocU porticls 
1 like the cylindeiB in fig. 35. The pJuiiclc* 
■e neighhourhooJ of the chftrged body Iweoma 
;e immediate action ; they again act on paiticlw 
, When the polarised particles of oic or 
B npon 8 large insulated conductor, they 
I tlteii palaristng influence on it, and the lum of 
y ioflnences gjres its polarity. The conductor itself 
' 't wore a huge molecule, and transinita the polarity 
' ' m beyond it. If we can auppose the ball in fig. 
~1 eidea by a series of insulated polarised 
n idea of the condition of the myriads of 
la which, acconling to Faraday, surround it, The 
ir tranamit their polarity to each other with- 
it 8s the pnils do in article 28. The row of half- 
« between A and PP gives an idea of the state of 
)w of aerial particles in this condition ; those at 
f how the induction may torn, a comer. The 
. ore -t-, the unehoded — , and the half-shaded 
P neutral 

f generaliaea further. He coneideis that tlte par- 

B eondiKtor are pelariied exactly in the same way 

f air or other non-eonductor, the imiy diferenet 

i &s particles of a oanductor avi comnmnicata their 

I each other Touch viore readily than those of a 

. The gist of Paraday'e theory is to reduce the 

e see on a large scale in insulated conductors to 

1 on the part of molecoles, that what we see in 

y takes place in the molecule. The molecules 

B thus situated to each other mucii in. V\ib sasnft 



EiECTBicarr. 

Nearly imtehing, the Keriea may he caQed o 

I diBtance from each other, non-^umductingi audit 
degrees of conductioQ or non-conduction, t 
insnlation of the cjlindera from each ol 
when the molecules of a body, from some 
aie well insnlated from each other, the 
conducting ; when, they are scarcely, if t 
ccmductuig. The ready anrniniTncatiim hi 
foriicles eoraiilatei conductio'rt, and the iiffctUt ei 
wm-cenduction. 

33. Electric or iTiductive force (mly travtU. — If the li 
have taken of induction te correct, the cylindaia (T 
diechK:ge the electticity of the chtuged ball into the gi 
not by its electricity paaaing through them, bnt lij 

1 giving out opposite electricities to the cylinder « 

) each particle, becoming first polariBaj^fl 

I charges by giving off ita opposite electricities to fljsJ 
ticles next it Electric force appears Hist to pohu 
then to discharge ; first to develop in each partids U 
dectricitieB, and then, when powerful enough, to 
disappear by contact or something eqtdvalent Notfaii^g 
fcom particle to particle bnt the inductive forc^ ei 
being the Beat of the two electricities, and its points of cs 
fheir disappearance, and each poasessii^ the inl 
of h^ing potarised, polarising and discharging as c^ 
electric force acts on it. The molecules of ci 
some peculiar condition which Fnraday does n 
theorise on, are easily polarised, and as easily d' 
of non-conductors, from an opposite c ~ 

resistance to both. In the case of the cylinder 
of discharge is not altered when they a 
and when they are farther away, only a greater i 
sarj to effect polarisation and discharge in tl 
the former case. In conductors and non-cc 
some way the action ia precisely alike, only it t 
greater force to produce polarity and d" ' ' 

than ia the fanner. A force, for inatance, that w 
produce polarity in a non-conductor, might be more 
aiBiaent to e 




'■ theory, as inferpreted by the view we hiive taken of 
D, condnction begins wliera induction enda; or ratber, 
Jb'li^js, sa the completion of it. Induction deals witk the 
polariamg, conductibu with the discharging exlUhitiou of 
dectric force. 

31. There are nunieroufl evidences of the fact, that conduce 
tori and jum-condMctors are tha so/iae in, kind though different in 
itjra. When, the inner oiid outer 
aBtings of a. charged Leyden jar are 
a long wire, which neoc 
p is bent towards itself to 
th of an inch, as shewn 
e greater portion of the 
3, instead of passing through 
ire, the comae of which is 
a dotted line in the figure, 
\B at the bend E ; the pro- 
ing greater the nearer the ^.j 3, 

t the bend, and the longer 

ire. Hero the electricity finds a short 
t the noD-condncting air a better conductor than a 
6 of the conducting wire. 

of Ditdiarge.~-We haye found that insnlated 

I, Trliea enftioienlly influenced by electricity, like the 

if the electric pendulum, are attracted and repelled 

IP discha^e. If the particles of matter are more or 

d conductors, we should expect to find something 

1 them. This we actually do, for mechanical action 

« equiyalent of mechanical action, is abcayi developed 

. Non-eonductoTs shew thia moat, aa their pnrticleB 

atest resistance to discharge. When dischaige takes 

;h ail in the form of a spark, there is always a com- 

iB aerial particles, and heat is developed ; and when 

e takes place tiirough glass, the material in the path 

is broken into iragments or ground to powder. 

L conductors exhibit the same. When a largo 

f electricity is made to pass inatantaneoualy through 

e of metal, the wire ia made red hot, and BometimeB 

The small nmuber of ^tia i 



f pmtides bavB more work than they can acoompliah iii'fl 
I time, and consequently act as if non-conducting. ■ 

I 36. Electric Quantity ani Ttnsion are terms baaed O&.h 
V usuraption that electiicitj is a fluid. Quantity ia llie BmUfl 
I of the fluid that a body contains m its cliorge, and the tfenfl 
1 «t any point on its surface (iuenlated electricity lies col fl 
I inrikce) is the depth — or if the depth Tenudn the same^'fl 
I density (Qer. diditigkeit}--ot the fluid at that point 39 
I fluid may be bo dispoEed. on a body as to lie deeper, or deidffl 
t at one point tlian another, and it frequently bappens tiB 
I though tlie quantity of a cbai'ge be email, it^ tension, ioM 
[ limited surface, may be very great. Without the fluid tbsM 
I ire may arrive at a correct view of these terms. If I lUf^B 
L Hx inches of a glass tube, I produce & certain quanti^j^i^H 
Ktiis force ; if I lub twelve inches of the same to.j^^^H 
Bemount, t double the quantity. If I mb the &ni-i^^^^M 
WjSLOK energetically, I may give it twice tlte pc>*Q^^^| 
Bbefoi^ and then, tbe original quantity would he agtuaTRi^H 
^BiL tbia last case the particles of air immediately toacMn^S 
KglosB would be polarised twice as much aa in the fint.H 
Beasea, llie tension of the excited particles of gloss is id 
Bdoobled. The quantity has reference to the number of ^| 
Kticles electrified, and the amount of clmrge lodged in but 
WrGts tension bos reference Bim.ply to the amount of force loftM 
Win each. It is possible, es we shall afterwards iind, to etn^J 
Btrate tbe force of many molecules on a few, the tenaoftfl 
Bllie latter being as much greater than that of the formel;'! 
Btheir number is less. Particles that are highly electriM 
Bjnnat polarise powerfully the particles near them, and if p<nM 
f 'fill enough, cause discharge. Tension, therefore, is the poM 

■ to polarise and effect disclmi^e. M 

■ 37. Induction jmpagatcs itself in the direction idiert it M 
I tKe leait resistance to encounter. If we supposed the rMr4 
\ poltuised partjcles between A and FF (uninsulated), fig'^-S 
I. io be those of a conducting wire, discharge instantly tSM| 
I place. The particles instantly give off their electiicitu«< ■ 
[ each other, and the two terminal particles discharge tbfl 
I outer halves, one on the boll, the other on the plate. Tha cH 
u^pge taikea pkce-^if4lieie were uo other panicles QaqMOM 



Hie Icraidua] OHM, wlilcU ore iu oppoalto *U1m. If the 
".pre iusuliiteil, diacUiirgi) WoillU Uiko plore only in ibn 
I' '1'. lenviog the two tuminol hulrua ruuly fnr iliarluu^ 
. >iocsn<i& oflaN. InsulottKl (xmductoi's Uiiui ouly sljew 
'i< ily on their ontiT enrfnrcA, nnd In tbe Imi? uf uutiuu 
iviiT. when tlie wire tuuchi'K both, dors (IucIibTbI' take 
.Lloag iti The eleotric forte ot lite loll ton act on the 
\A aa the win. Tbo patticlM of nir oSfec coiieiilrrnbl« 
' iiiL'e to piiWiialion, tbuMi of the wire nlmont doii«. 
-ii.ity here, like all other fon»B,aetB in the path of Iciuit 
ince, Ihe path most favooralile to it* Action. If Uw 
'.iy iif coniaiimicatioa between nioleculeB wt-ri- niori' nearly 
.1 iu the air and in tlie wire, the inductive action would be 
III! tu the proportion of that Iitdlity t« each ; but seeing 
■ fiie fccilitj- offered by the bitter is iadefiiiitely euperior 
'. :< of the former, the whole of the action is diverted from 
; : r int« the wire. This finality immediately leads to di»- 
.:■ nod electric quiescence. 

. . have already seen that the shorter the passage the fewer 

I ill; partides to tie acted upon, and the coei^ir is it to act 

"'.11 ; that even a short non-conductor poBseseea to a certain 

1,1 conducting properties {fig. 38), whilst even a long 

i'litor becnnies non-condncting. The portion of the air 

.11 A and PP being a shorter passage to the grcpund 

riny oilier is cuDset[aently better conducting, and the 

:s »f the boll is more exerted through that channel than 

:jh any other. The tension of the electricity on A i§ 

.! IflWanli PP than on any other aide. If PP were cir- 

■, and extended nearly all round A, the whole of its 

, (' could become equally active ; and if A were charted in 

i-.ircmnstances, it would receive a much greater tliorge 

. ulien nothing bnt air was near it. This we find experi- 

:.illy to be the cose. The Layden jar and aindenner are 

r;itionB of it The charge, Oureforc, tlutt a body recdvc/ 

viys in proportion to Ike faeiUbits it offer* for indiictirm. 

• ■ ..It Ts if. rtiinuted that it has nothing to act on, it receives 

!■ (s no electnyslntie capacity. 

hi-ffins ■where tli/t Tenwm ii 



tends to PP. The rasa 
a expand Jrom A h 
nsion oC the particles o 
than in the middle, flDr tl 
lines, can bnug in fheie a 
at the tall or plate, 
widen out in the middle. At 
restricted, and the tei 
Vill first he forced to he condoo 
Jftrt of the hall, lie charge is 
plate, and the inductive lines a: 
chaige IB again pushed forward, al 
place until it reaches the plate. 

and shape, the tension hi ' 

in the middle, the spark would I 

each. The following eiperimenti 

when the tension is the Bame 

or discharge first hegins at t 

experiment (50), afterwards detai 

Leydeu jar proceeds from b 

J3i the middle. Electric discharga I 

ionductors, that it is impossible, e: 

as Wheatstone's, to determine U 

-conductors, where the d 

slower, we can trace it better. Mati 

leaves of mica between two metal p 

liey den jar, and kept the a 

Oa taking the whole to pi 

:oppOBit«iy chargHd pktee charged w, 

' ites, while those in the middle w 

ohatge, which hod only parti 

tultaneoualy at each end. Mica hi 

ctov. The residual charge in a I 

having penetrated s( 




jing uiiJi-r 111'.- (uitiie 

ioontcnl bng of cotton kiiiuc- 

I mtd lieU it iJieloTiilix! by a 

On charging it ho foaniJ, 

^ to bs whuHy oji tbo ouUlde, 

fmmJ ill lliti insidr. 

I the other way, thi^ bng ma 

"aty henMipftn chatigcH Mea, 

6 learn froni thew 

t, tliat eUclrieily U only foioA 

if» an envelope of inajipucinhU 

li the theory ijf iujiiriioti, 

led body exeils tunnot Iw 

^ which cannot possibly offer 

aricily, to complete iho cliailii 

"« manifeatly best exertod on 
aepliraae. That fncility for 
n of the cliarge, may bo Bhewn 
' "" " a nfit (fig. 40), 

1D5 shift tnsiik the net. See 
* beginoing of article 37 of the 
r under iuduetioii. 
—We ftre also taught by 
a of electricity on the surface 
enced materially by their form. 
;, exhibits the Borne tensiun on 
1 eipect, for there is no point 
D is facilitated. This, however, is 
1 conductor is brought near 
fcntion is dialutbed, being greatest 
I and least on the aide awa; from 
^ted from the ball i 
a can'ile, we shoulil espect t 
ped on adjoining surfaces C 
on thosi' 111(1 
Tield near a ■■.. 
E distant obji-i i 

-'urialtured m 
3 molecTilea to 





leaves o'^rliV 
diw*e^' "r,^ 
instance, « ^j, n«iy .- 




pufitCM Of two gniA ieKv« diTerEing unucr uie taint 
I' Funduy utUchei) ft conicnl bitg «( cuttou ganu 
RnBulat^d riiit; (fig- 40], >iiii1 lieM it i!i9l<'ndcyt bj ft 
Bead attitp&nt to the apex. On chnrRing it he found, 
Ipinof plane, the cJiarge to be wholly on tlio niiUidc 
n Blectricity whatever wa? foiinJ in Ilia iniidc. 
pilJDg the ailk thrrail the other vmy, ttie bng wait 
I indde out Tho electricity licKupoii cliangcd alita, 
n wlkoUy ngiun on the ont«id«. We learn from thew 
Eraerutt-s utlier enperimtlilB, tliat lUctricilg w only found 
hMter garfacct of conduclofi in an envtkjK of inappreeiabU 

p fiict U quite in icoplng with the theory of induction, 
f polarisoliou which a clitirjjed body exurta cniiuot be 
■ated towopda its interior, which cannot jwsiibly oSt-r 
■tKepanding opposite electricity, to complete the chain. 
It ontward pohirisatioa can be numifeetly best oxert<^ on 
P exterior, if we may use the phrase. That facility for 
Bon determines the position of the charge, may bo shewn 
■teg an nmnsulated ball inside the cotton net (Hg. 40), 
Hie electciciity will pitrtiully shift inside the net. See 
H explanation giren at the beginnin({ of article 37 of the 
■f the ifiolecules of a conductor under induction. 
Mnd of Potilion and Shape. — Wo are also taught by 
B^ that the distribution of electricity on the surface 
Bited condactors is inflaenccd uiaterially by their form. 
BbifieiJ ball, for example, exhibits the taiae tension on 
Bnt i and tHs we should expect, for there is no point 
MfliniTif where induction is facilitated. This, however, is 
m^% the case, for when a conductor ia brought near 
Wto the bull, the distribution is disturbed, being greatest 
■tile disttirbing body, and least on the side awu}c from 
KbdnClion were propagated from the ball ia the some 
KFli^t emanates from a candle, we should expect I' 
■illdte electricity developed on adjoining aurbcei ( 
Efbigher tension than on those more 
■nqr ttiat a body held near n, candle ; 
miltl iT than more distant objects.^ IT 
mOewiteelf brighter trai^asarily 
m ^^._-' unaltered in 

■ ^^ ^SSctric nioJeculeB to 

^^*Bnt of poJai-ity in eadi. 




—the djstriliTitioa of its brightneaa ia tha aftine M lj«fa». ( 
in the electrified ball we have a crowding of electriu^M 
the ehorteat dielectric channel (37). It is to this cnuri 
tion of electdcitf on the side of the appniaDhing eatSi 
that we owe the electric spark, and it ia as we neii 
striking or sparking distance that this disturbanca M 
decided. The concentratioii or fixing of electricity on Qi 
of the tbinceet and best dielectric ia particularly' iUoatai 
the condenser and Leyden jar, whose action depends vj4 
but in these the dielectric must be very thin to |j 
decided effect. | 

When, a conductor somewhat in the form of a n 
epheroid (fig. 41) is charged, and the dectcio H 

Xof the Bevetol parts tested by the proof j 
it ia foiiod to be least at the thiekeiti 
and to increase towards either end; Vt 
difference is found to be all the gred 
each end becomes mote and more pd 
It is found likewise that the electric tt 
on a point is eo great with a connd 
p, 11 charge bb to destroy the dielectric ooti 

of the mr, the particlea of which % 
electrified, and carry by convection, like so many pift) 
the charge of the point to aurrounding conductors. ' 
a point is turned towards a charged surface, it acts at \ 
surface were almost in conducting connection wiffi. i|| 
when a point ia in a charged surface, it acts as if tiie 4 
were joined to the ground or neighbouring cooduiiaa 
semi-conducting wires. A flame also acta aa a poM 
therefore learn that ckctrkitij eancsntratet an jwmiI 
prejeelioit!. 

This is quite in accordance with the theory of mSi 
Let vs take the case of a metal point presented to a po^ 
charged sutface. Wo may suppose its terminal taiAeei 
he aa shewn in figs. 42 and 43. If they were moleonlMJ 
they would be polarised alike aa ehewn in fig. AS, bw 
suppose tliem in this condition to be itfveated with oaoA 
power, they would act predsely as the point in if^ 
hg. 43. The shaded halves of the ToxAiXf^Hb^ 
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ELECTEOMETEES AMD ELECTROBOOPES, Tl 

I iL^atiyE. The ligbt-ehaded circles are neutraL 

B next the inducing hodj must be negative (fig. 4S). 

- E of the tiiree mole- 

B ironld neutroliee the 

" tlie two in front 

, and the — E oi' 

3 again tlie + E of 

B in which the point 

In order that thU 

L be, the two must 

1 much + E aa 

of - E, and the 

3 mnch aa the two. Consequently, from the action oE 

lucting particleB ou each other, the one must yield 

+ E aa the three, and he polarised three timea a 

The effect of the whole three ie thua lodged in the oni 

; and if the point be prominent enough, the effeo 

i whole — surfiice connected with the point will be 

n the terminal molecule. The point here L 

d to be perfect, which we never have in practice, bo' 

'nta approximate more or lees in their action to it 

I strongly charged will react on the air, and causi 

B lines of inductive force to concentrate on it. Thi 

y with which the molecules of a conductor commonicati 

k eleotricitiea one to another is no doubt the reason why 

in of electricity on the surfaces of conductors 

B to be that of a highly elastic fluid (31). 



Electrometers and ElectroBcopes. 

B wordfi are generally taken as synonymous ; electro- 

s, IiowereT, ebonld be applied to the instruments wMcIl 

i eridence of electrical eieitemeut without giring tha" 

■e of it ; and electrometers to such as shew both. 
L Quadrant Eloctromiler. — Fig. 44 represents the guadranf 
It consists of a conducting-rod, generally ot 
L or Ihsb^ with a graduated eeiiuaida bUm' 



[Bttuuling a 
rnachine 'a 



I above, in the centre of which is a pivot for the TotaUon' 
^ a Btraw canying a pitlt-hal! at ita outer end. It ia used i 
eliictriuitj of high tension, such as that of t 
Blectric machine. Wheu placed on the prii 
conductor of the machine, the ivhole beeon 
charged with + E, and the hall is repdl 
8rst hy the electriuity of the rod, and then ' 
■ that of the prime conductor, the h(aght ■ 
which it rises being seen on the semiciM 
This is not an electrometer la the strict set 
of the word, for although it t«lla ub, by i 
straw rising and falling, when one tenaiim 
I greater of ksfi than another, it doea not t 
UB by how much, the conditions of its lep 
maa being too complicated for simple matJiaa 
can shew us, however, hy the mdicAl 
e point, when the electric tenaion of i 
at one time as at another. 
43. The Gold-kaf EUcbroeeopi is the most convenient iintj 
I mmt for testing electricity of feeble tension. One of the b 
(>4)f ita forms ia shewn in fig. 45. A gloss ball, about ft 
inches in diameter, rest^ on a brass tripi 
and its neck, about au inch in diamet 
is enclosed by a brass collar filed w. 
. shell-lac A brass plate, with a hole 
one fourth of an inch in diameter in 1 
midille of It, can be screwed air-tight h 
the collar Before it ia so fitted, a bn 

one uiiihth of t 

fixed b> shell-lac o 

in the middle, 

insulated from it. Tlie upper end of 1 

rod ends in a brass boll, and the lower ( 

is iijed on each side, to allow of two On 

1 inch in length, being attached to it. Bel 

the plate and leaves are finally fixed, the interior of the I 

1b thoroughly dried, by passing hot dry air into it, bo that I 

r. ball contains no moisture to carry away the chai^ of 1 

When the plate is screwed to the collai^ there is 




inch in diameter, 
sealing-waE in 



of gold-leaf, a 
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Gomiuimication between tlie included and external air. The 
insolation of the leaves is complete, and they keep tlieir 
charge, in dry weather, for hours together. When the instru- 
ment is used, it may be charged directly, by contact being 
established with the ball and the body whose electricity we 
would examine, or a charge may be carried to it by the proof 
plane, when the leaves diverge according to the charge com- 
municated. When we would ascertain simply the kind of 
electricity with which a body is charged, we proceed iu the 
following way. A glass tube is rubbed, and brought into the 
neighbourhood of the brass knob; the leaves diverge by 
induction, and, when so diverging, the knob is touched with 
the finger, and the leaves fedl to their original position, for 
they are then out of the line of action. In this state, — E is 
fixed by the action of the -f E of the tube on the side of the 
knob next it^ and the corresponding -f E is lost in the ground. 
When the finger is removed, the -t- E is cut ofi", while the — E 
remains in the knob ; and its presence is manifested by the 
leaves diverging permanently after the removal of the tube. 
I^ now, a positively electrified body be brought near the 
knob, it draws away the — E from the leaves, and they conse- 
quently fall in ; but if a negatively electrified body be brought 
near, it sends the — E more to the leaves, so that they diverge 
further. We are thus enabled to distinguish between a + imd 
a — chaige. But it may be asked, why not charge the elec- 
trometer immediately with the glass? There are two diffi- 
culties in the way of this. K the glass is powerfully electrified, 
it gives too great a charge ; and if feebly, contact between the 
knob and the glass cannot be effected, although its electricity 
acts powerfully by induction. We therefore bring the glass 
rod near the electrometer, and when the leaves diverge suffi- 
ciently, we touch the knob with the finger, and "withdraw first 
the finger, then the rod, and the leaves diverge as before. 
For the more delicate use of the gold-leaf electroscope, see 

Ck>NDENSER. 

44. GouloTrib^s Torsion Balance (fig. 46) has played an 
important part in examining the laws of electric forces. A 
glass canister. A, is placed on a wooden frame, and is covered 
abofve by a plate of glass or wood ; in the miOLOilft oi \K\^ 




FiK. 46. 



I 



plate a ronnd hole is cut, over which is fixed, hj i 
fittings, a long gloss tube, B, having the gradimted lim of 
circle attached at its upper end. A circular plate, 

this rini, closes the upper end of t 
tube ; and when it is turned n 
mark upon it tells the tminbeR 
degrees through which it haa 1 
moved, A cocoon thread or vtof 
wire is tied to a hook i 
the lower eide of this plate, and ti 
deaceuda to the hody of the c 
It carries below a. collar of paper, i 
other light material, in which a n 
of shell-lac is adjusted, having a 
of gilt paper placed vertically, or 
gilt pith-boil at its one end aod 
counterpoise at its other. When t 
plate above is moved throngh t 
number of degrees, the needle li 
impelled hj the torsion of the thread, comes to rest 
the some number oa the scale below. This lut eond 
of a strip of paper divided into degrees, pasted no 
the cylinder at the same height as the needle. Li 1 
cwver of the winister there is another opening for 1 
admission of a ball insulated at the end of a rod 
shell-lac, and which, when supported by the cover, ia m 
level with the piper disc of the needle. When the imi 
ment is adjusted for observation, the mark on the nn 
plate and the paper disc stand each at the zero-points of ft 
respective scales, there being of course no toxaion ia 4 
thread. The ball is removed, to receive a charge bom J 
"boij under investigation, and is then placed in the oyliad 
when the disc is first attracted, then repelled. Buppoee U 
the disc be driven 40°, as shewn by the lower scaler from i 
ball, aud that the upper plate has to be moved 
direction, through 16D° of the upper scale, to bring it bai^ 
10°, the total degree of torsion is 160° -|- 40° = 
ball and disc be now discharged, aud another charge be g 
to Hie hall, which rei^uiies £50° of torsion to place the-d' 



e have t^ relatiaa SOO to SSO as that of the reptikiTe 

e of tie two charges, for the ainouni of torsion in (threes 

rtional to the twisting force. Without entering fiuther 

I detail, we may state the two laws that Coulomb eatab- 

d by this instrument : The intentities of the mutital repul- 

r attractioTi of two iavaTiabU quantities of eUctricily of 

I or different tuaast, are in (/te ivAierie ratio of (Jk 

1^ ihe distaavx at vhieh these act The inteniitiet of 

li Tipulmm or attraetiee ooCtnt of tim tUclnJUd bodiet 

i at an ini>ari(Ale distant, are proportional to the pTodttcta 

ir dectric Aarga. The latter law shews that, when two 

!nt tensiona are tested by the proof plane and tonion- 

, thc^ are to each other as the square root of the 

d forces of repulsion. 



Sleotric Mac^unes. 

f the tube of glass and silk rubber we have the embryo of 

chine, viz., a body which, when rubbed, is 

ively eleeCrifled, and its rubber negatively. The first 

e should expect iu a madiiriiB of this uaturo is a 

b niriaee, to give a great amount of electricily^. But theie 

already caauolly referred to : glaes being a non- 

, the electricity formed on its surface luis not a 

1 action, so that some arrangement is net^esaary to 

i it, and lender it available — to act, iu fact, se ita coa- 

gieeervoir. This portion of the machine is denominated 

I eonductor. The rubbed surface of the electric 

a either a cylinder or plate of glass, hence we dia- 

1 them into cylinder machines and plate machines. 

ffonner, from their more compact form, are the jnore 

eable ; and the latter, from both sides of the glosii plate 

g nibbed, are the more powerful forma of the instrument. 

. Piatt Macftw.— The description of Winter'B plate 

•B (fig; 47) will be quite sufficient to shew the general 

ints and construction of electric machines. It woa 

(L hy Car] Winter of Vieiuia, and its xassa)x,vi •*<&»■ 



IhoBe of some of the lest Sorxaa of electrical appantis^ 
lieen madii widely knotm by Iwo weli-kiiowii Gemuiu 
Miiller'a Fkysih and Trick's FhysikulutJie I'cchnik. The 




achine ou tliis principle in this country was loode undtt' 

'b Huperintendence in 1858. It is one of the beat 

g forms of the macliiiic. The glass plate is turned OB 

[U ab, hy means of the lit 

The lon(;ec end of this- 

consisting of a glass rod, 

'a tlie 'wooden pillar d, and' 

[ other reatfl in the wooden' 

of the giMB pillar e. The; 

thus completely 
and little loss of iU 
tan taie place through 
ports. Tlie two nibhets, 
which is shewn 
in fig. 48, are triangular ; 
rith ft padiling of one or two laji 
I leather, and 
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Burface to the glass, so that friction between it and them 
takes place in every part. They are placed in a wooden 
frame on each side of the plate, and the jiressure is regulated 
by metal springs, fixed to the outside, between tlieui and 
the frame. Before use, they are covered with an amalgam of 
mercury, zinc, and tin, which is made to adhere with the aid 
of a little grease, and which increases immensely the ])r()duc- 
tion of electricity. The surfaces of the rubbers are tluTt^fore 
conducting, and are made to communicate by strijis of tinfoil 
ivith the negative conductor, f (fig. 47). To prevent tlie electri- 
city of the glass from discharging itself into the air, befon* 
reaching the prime conductor, each rubber has a non-conduct- 
ing wing fastened to it, which is made of several sheets c)f 
oiled silk, kept together by shell-lac varnish, beginning at the*. 
rubber with several, and ending with one or two sliects. 
When the machine is in action, electrical attraction makes 
them adhere to the plate ; but when it is out of action, they 
may be kept up by a split pin, g. As the plate turns, the 
rubbers are kept in the frame by their ledges, h. The whole. 
framework of the rubbers and negative conductor is sup])orted 
by the short glass pillar i, so that it can be insulated wlien 
required. The prime conductor, Jc, is a brass l)all insulated on 
the long glass pillar /, and to prevent the edges of the ball at 
the Junction dissipating the electricity, the pillar enters the 
ball by a trumpet-shaped opening. The collection of the 
electricity from the glass is made by a row of points placed in 
the grooves, inside of two wooden rings, w, w, which are 
attached on each side of the plate to a piece of brass project- 
ing horizontally from the ball of the conductor. The grooves 
are covered with tinfoil, which conveys the collected electri- 
city to the ball, and the points are kept out of the way of 
injury by not projecting beyond the grooves. 

A section of the ball of the prime conductor is shewn hi 
fig. 49. There are four openings into it : the lower one for 
the head of the supporting pillar ; the one at the right for the 
attachment of the collecting apparatus ; the one at the left 
for the stalk of a small brass ball ; and the upper one for 
admitting the lower end of a large wooden ring, removable 
at pleasure. This last forma the peculiar featuie oi^mW^ 



shewn in the figure, tanfailj carercd all looad « 
wood, and tiimmoiiicaCiiig hj a brosa pin at du 
Mdk on whicli it stands wiUi the prime con^wtaK '1 
i sparks fnim tlie macluiie, on aipipeadagt ^Ig. N 




-H 



X 



■ Iba spark-dnwec is provided. This consists of s wwi 
f'fUlat of the ume height lu the prime conductor, in tha & 
t'oC which a brass cod slidea, with a lai^ flnt hail at fjie i 
I ttld and a BmaU ball at the other. All the fittings of ' 
I, machine ore of wood, no metal being oaed bnt for tha pi 
I and negative conductors. The loss caused by metal fit 
I ia ordinary Tnachinea is very considerable. The 
I'jdllim shonld be, if possible, of green glos;, which, In>m 
! of lead, 13 less conducting than flint glass. 1 
I ^dtairable, likewise, to cover them with shcll-lac 
ptirhicih prevents the formation of a conducting layer of 
T^ on them &om the atmosphere. On using tha machine, 
I AiEt necessary to connect the negative conductor by a wb 
1. with the ground. As tho plate li turned, — : 
n the riibbera, and led to the negative condnc 
t formed on the 'gtass, which is collected bj 
I tha : ■ 



ELBOTBIC MACHINE3. T 

Aegstive condactoT -wiera iiiBnlAted, the electricities of botli 
«ondaclors, being of opposite namus, and equ»l in amount, 
would act inductively on each other, bo that the + G of the 
pdme conductor would be to a coasLderahle extent bound bf 
Ule — E of the other conductor. When the latter is oonnected 
with tlie gtoimd, its electric tension ia no higlier than is dno 
to the inductive action caused by the prime conductor, which 
.'. ilie distance ia not great, ao that the electricity of the prima 

inductor ie free to throw itself on the objects presented ti 
I'j lessen this attraction, and at the same time to insure 
:'i<uIaCioa of the + E, both conductors are placed as 
ii.irt OB poaaible, the distance in Winter's machine being 
1- ^rly the diameter of the plate. If — E is wanted, the 
-!^.■;;atiTe conductor is insulated, and the prime conductor 
. ■nnecteil with the ground, when sparlts of — E are ^ven off 
[ y the negative conductor. 

4G. DUruj^Hve DischaTgc in Air. Spark, bruih,glaa! (Pi, Stin- 
■ He, aigretlA, iueur; Ger. Funke, BiUchd, Climmen).— The term 
Li^ruplive diachaige is applied to all cases where discharge 
..::':aded witli a disruption of the particles of the dielectric The 
vivriona forma of disruptive dischai^e through air can be well 
1 with Winter's machine. The negative conductor being 
\ with the ground, with a two-foot plate, we may 
a in the following order. On turning the plate 
), a faint snapping sound is heard, and, when the 
tt ia darkened, a Aiofcering spark ia seen to be thrown out 
t tte two-inch ball projecting &om the prime conductor, 
IBS the form of a bush, without leaves, with trunk, 
B, and twigs, about ten inches in height. This is o 
' what ia called the hmsh ditaharge. Its genei 
aoa is hoiizonttJ, or not much inclined from it, but it 
a the hand or other flat conductor brought near it. 
IB Keeived on a ball, its various branches concentrate o: 

B In'nsh proceed from the end of a brass rod, instead of 

L a ball, it becomes very much diminished in size, 

■nblea a brush of feathers. The brush discba:^, though. 

lUy eontinuous, has been found by Wheatstone tc 

riea of aucceaaive brushes, 
1. dicchuge is eSectei £rom a poiat, a fi^ Oi gVnP a 



Right marks ita termination, while strong cuirenU of idf pi 

■ ceed from it, wliich lire Ktrong enough to blow awny ( 
Ki^Buue of a candle. Theas currenla accompany mon 
■Jess the various forma of the brush dischai^c. Tha n 
P^tidefl of air thus carry away the charge from a [M 

■ to Burroiinding conductors, and hence a point h wH' 
B discharge itself by conTcction. The glow is mora noS 
Kgot, and beifomes much more extended in Tarefirf i 
I A tall receiver, with a ball above connected with 1 
I inachine, and a ball below connected with the groundi TC 
t'Khausted, ptesents the appearance of a pillar of flMi 

■ ing mauve-coloitred flame. When a vactitun tuba (thift t 

■ tube eshausted of air, with platinum wires hermetiailly fi 
l.jn its ends) is held near the machine, flashes of light i 
W ithrongh it, and continue to pass at intervals even aftd^ 
I machine has ceased to act. The flickering light tliiis 
f ,1>ears a striking resemblance to the aorora boiealis. 
I Bound accompanies the glow. If we connect the hnn 
I ef the upark-drawer with the ground, or the n^tlvo 
I'dnctor, and bring the flat ball opposite to the anjall Toi 
W tlie prime conductor, straight brilliant sparkf, each Bom 
I like the crack of a whip, pass between them so long U 
I distance does not mudi exceed two inches. Beyond 

■ d istance, the sparks become somewhat crooked, and 
Bkbout four inches, the discharge begins to lake the 
^H a brush. If, now, the ring be placed in the condl 
^Me sparks again pass with readiueBs, and the brush. 
^Bttt again take place till the ball of the 
HBeven or twelve inches off. The long sparks thna o1 
^%rith the aid of the ring ore deuidedly crooked 
|i with strongly-marked lateral branches, which becomft 
vtiie more marked as they lengthen. It would thus et 
M the spark has a tendency to break up into branches, 
^tile stoking distance is small, this is not so perceptible' 
I, is then straight and its brandies scarcely obsen^ble. &x 
I distance increases, it is crooked with well-marked 
I and when the distance is too yreat, it spliti up cntj* 

■ into a hush or brush. 
^^(3 Saaa^oa of th^jj^^Jjptet'yi 
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increase enormously the length of the ppark. Tliis would 
fieem to arise in the following way : Quantity as well as high 
tension of electricity is requisite for the long spark. AVitliout 
the ring, the electricity collected on the prime conductor 
concentrates on the projecting hall, but it cannot gather 
strength enough to make a full discharge into the neiglibour- 
ing spark-drawer, for before the quantity is sufficient, the 
tension of the electricity on the small ball has pushed the 
polarisation of the molecules of air to their utmost, and a 
partial or overflow discharge in the form of a brush ensues. 
Wlien the ring is added, from its thinness and prominent 
position, it diverts the electricity into it ; and before the 
tension of the electricity on the small ball again rises to 
dischaiging point, a large charge is accumulated in the com- 
pound conductor, which finds full vent in a powerful and 
concentrated spark. The wooden envelope appears to act to 
the core as the oiled silk to the plate ; it prevents discharge 
into the air. The influence of the large flat ball of the spark- 
diawer is of importance ; it concentrates, from its size, the 
inductive action of the charge on itself, and from its flatness, 
it cannot hasten a premature discharge. Long sparks do not 
necessarily imply a very powerful machine, but they guarantee 
good production of electricity, and an insulation so perfect 
that no power is squandered. For the generality of electric 
experiments, sparks of one or two inches are amply sufficient. 
These, Winter's machine gives readily without the ring ; and 
when occasionally long sparks are wanted, the extension of 
the prime conductor can be added without inconvenience. It 
might be supposed that while the long sparks pass, the machine 
worics more powerfully than at other times ; but such is not 
the case, for the long spark occurs only occasionally, and the 
short one almost incessantly. All the forms of disruptive 
discharge are accompanied with the peculiar electric odour 
which arises from the production of ozone, a peculiar modifi- 
cation of oxygen. 

47. Cylinder Machines, — Fig. 51 represents a cylinder 
machine. A is the glass cylinder, E the negative conductor, 
insulated on a glass pillar, D, which can be adjusted by the 
KKW, $8y in the sole of the instrument. The i\i\:)\>^T \^ 

F 
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conductor, and tlie flap of i 
the prime conductor, insu! 
on the gk£3 piDor H; 
are (he wooden stanc 
in which the axis of 
cylinder works. Tha te 



esplained by the figoifl. 
4S. ExperimenU wilK 
Electric Moc/wTie. — To jj 
traU Attraction and Itq 
simi. — A woodea head i| 
hair on it ia fixed to a m 
rod, and placed on 
As Boon ai 
Pljj_ 51 machine begins to work, 

hairs stand on end S] 
from, each other. When the hand h placed above the h 
thua excited, they converge and cling to it. The h 
being + and the hand — , attraction takes place betw 
them. Between two bodiea, one electrified and the 01 
connected with the ground, there must always be att 
tion. The eleetria dance (fig. 52) is another 

Tho plate E ia hung : 
CD, connected with, 
macbine ; CD etajids aa 
insnlating pillar AB. BeloM 
, lies the uninsulated plat« 
Hth figurea are placed on. t 
uninsulated plate. When I 
macbina ia turned, the ( 
platea are oppositely electlU 
and the pitk figures are ^ 
nately attracted and repelM^ 
each. Tliey keep thus d 
between the two ao long as< 1 
Yig_ j3. machine acts, or until tb^]( 

away under the ezcitemeidL. 3 
Mine thing ia shewn when the u^ipec and lowec.|E 
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the end of a glass cylinder four or five inches in height, and 
pith-halls placed inside instead of figures. The halls are 
kept in continuous upward and downward motion hetween 
the plates, and, like the figures, discharge convectively the 
upper plate. A great many electric toys are constructed on 
this principle. Among them may he mentioned the electric 
chimes, where hells hung hy silk threads, are kept striking 
alternately hells connected with the machine, and others 
connected with the ground. 

The effect of Points and Flames. — When the machine is in 
action, and sparks of several inches in length are passing, they 
instantly cease when a sharp metal point held in the hand is 
presented to the machine within a few feet of it. K a pointed 
Tod he placed on the machine, no spark can he got from the 
prime conductor ; powerful currents of air proceed from the 
point sufficiently powerful to turn a small wheel furnished 
with paper vanes, or to hlow away the flame of a candle. 
Persons standing near the machine, feel as if cohwehs were on 
the face, arising from the charge heing disseminated hy the 
point. The reaction of the air on points can he made to move 
the points themselves. This is generally shewn hy taking a 
wire pointed at hoth ends, and hending it so that its points 
are at right angles to it and on opposite sides of it, and pois- 
ing the whole on a point on the machine. When the machine 
is in action, the points are driven backwards, and the wire 
revolves on the principle of a reaction wheeL In the dark, 
the points descrihe a luminous ring from the glow at them. 

"When the flame of a candle is held near the macldne it 
acts like a point ; if uninsulated, it acts more decidedly than 
when insulated. In the latter case, it appears to point towards 
the machine and out from it, acting like a double point — one 
discharging the machine, the other discharging the flame into 
the- air. 

The heat of the spark is shewn hy holding a spoonful of 
ether below the small projecting ball so as to receive a spark 
fcom it The spark instantly kindles the ether. 

C(nn/murmatiori of Electricity. — Conductive. — A person stand- 
ing on an insulating stool (that is, a stool with glass legs), with 
one ]aand on the machine, can with the othei senA. 6^«f&& \.^ 

/ 
/ 



Terything trod everybody about liim. In this piwiUu 
u iiglit with his linger a jet of f,'iis or kindla ether. Ini 
'v». — The moat extraordiuaiy esperiment that can be ] 
(brmed witli Winter's macliine, is the lighting of > gH 
fby a pereoQ wholly rmeonnected with the machine, i 
PUtanding some eight or ten feet from it If the. puBMli 
\ Bituated holds the lilade of a i^nife or other point oTCt 
gas-burner, at a diiitance only abort 61 touching, ateuUi 
spark ^ni the machine, a small spark posses 
Itlode and the burner, and this ignites tlia gas. The 
ss ibllowB ; The body of tiie person in question is elM 
negatively by the extensive prime conductor of the n 
acting inductively. When the spark pRs^s, the ring ' 
i, and its inductive power for the moment c«an 
the negative electncitj of his body, now no longer aU 
.. by it, returns to the ground, und taking the easiest 
~ia s^iork in question. This is quite similar ton 
n thimderstoiws oa the back-atroke (Fr. cIuK m' 
iT.BUcliSchlag). A person in q prominent position,, tl 
QiigMy-chai^ed cloud, experiences a violent, somel' 
k at the some time as a fiosh of lightning, 
■ flash was not at all near hiin. 

The phyaiologkal effect of the spark may he felt by u 
holding the back of his hand near the machine ea as bt,) 
spark from it, A ten-inch spark from Winter's a 
invduces a stinging sensation accompanied by a t 
twitching, and this may be felt by a doxen persona at. 4 
joined hand in hand, tlie first presenting his free hand ti 
nutohine, and the last having his free hand crdtnecte^f 
the ground or negative conductor. The last, however, » 
a less shock than the first, becanse since each person !■ t 
I insulated on leather soles, more or less moist, bo i 
I electriuitv descends to tlie ground as it passes throuflh eai 



(ntliiig to nitliia 

t 



Bound Electricity. 

■i/'lrji Jar (Ft. SmtcUU de irjfrft; Ger, Lfydner 

'"■1— Tliis is a glnis jnr (fig. B3), willi a votliag of 

1 jiustfd carefully iniiide ami out, extcnduig to nitliia 

t uiihea at the Bamth. This la«t is 

iJly L-Insedliyn wtiodun «opppr, tliroai-li 

1 |M->i>a the alalk oF a bnWB knibot ' 

jUD!iny the ivlioli'. The coimectiou ] 

1 the inside coating unj llie Ijatl i 

by a chain extending from til': 

B bottom of the jar. IfUiisjar b« I 

Q insolatii^ stool, so tliiit Eporlcg c\ 

a the prime conductor a! a, nioKhine 

M knob, when the jar is thus insnlated, 

» two aparks fSMH, and then the c1uu-;c 

complete, for no more Bparks will follow, ilioiigli Iho 

if the machine ia continued ; or if they do, tliey a 

jely diesipated from the knob in a hmsh diachaigc 

ver, the kmiekle of the csperimenter he hrwiight 

r coaling, sporka hegin aRuin to pass freely ; and 

r sport that paeaea between the machine and the 

a Bniilar spark passes between the knuckle and outer, 

This continues for some time, and then the j. 

t to he i^;iiin saturated. It is now said to be fully 

The outside of the jar con, in this stale, be handled 

id if it he still on the insulating stool, ao may a 

b, although, when the hand first approaclic?, it receive* 

^t apork. But if, when the expOTmenter has one bund 

luter coating, he bring 

A to the knob, before it 

I it, a straight, highly brilliant 

tS-'paases hetwKen the knob and his 

1 he experiences a shock of 

H^Olenee. If he trythe same thing 

I feeble spark and shock a 

1 the jar is now thorouglily 

Aa it !3 highly inconvenient, il n 

^^io body, diBchargiiig to-ng* 1 



imenter has one bund 






r ftl) are itsed for timt purpose, whicli coueist of two hiaaa k 
L eudiug in balls, and moped on a hicge liy glass liundles. 
L The following account may 1)0 given of the action of 
Eiai : When a spark posses betiveen the conductor and 
Bjtaob, the + E thereby communicated to the ionec coat 
■induces polarity in Burrounding conductor, the 
■'tomed towards it. 'Frcna the knob, it can act upon a d 
Kbat distant range of conductors, through the ait sa the dial 
■<4lio ; and through the glasB as dielectric, it can act upon 
Boater coating. Now, as the outer coating is very much set 
W^Sbuca other conductors, and as glass h a better dieleCtna tj 
WfSi, by bx the most important direction of induction, w] 
Vthe jar is uninsulated, is through the glass. We have, 
■Cne, the electricity given to tlio knob and 
Kdivided, as it were, into two inducing chafes — one to 
KfoitiieE conductors, and the other to the outer coating. The 
■taer of these we may call the free charge, as it acts in the m 
Bwtty through the air ; and the latter, the bound charge, tog 
VbU a special conductor and dielectric. Mectricity, wl 
■ftom pecoliai inductive facilities, acts only in 
KV called fixed, hound, or dUguised electricity (Fr. il 
M^tm^mUe, Qer. gtlmndene SlectrkatSt). When the jBi 
■insulated, we find that a^er one or two sparks it refuses 
I'.teke more. This comes from the outer coating refusing to. 

■ fiirther polarised, or, which is the same thing, the inHOlSl 
I electricity can more easily tiunsmit polarisation to sairoia! 
I ing conductors through the knob than by means of the -)< 

■ Induced on the outer side of the outer coating. When, ha 

■ ever, the outer coating is connected with the groundi, edU 
I by spark or contact, the polarisation can reacli its final t 
I'AinatiDn, the ground, much more easily through tlie tl 
V'dieet of glass than through the air, so that every spark 
I the jax now receives goes, for the most part, to the ~ 
I* chai^ and a small fraction only to the free charge. 
K goB8 to the hound charge must have a corresponding — 

I the outside coating ; and for every amount of — E thua 
I on the outer coating, a corresponding amount of -}- E nxt 
I tent from the outer coating, either silently, when in coi 
Lw ify spark, when nearly so, into the" ground ; itad 



I free cbai^ baa its — E imperceptibly induced in 

iding condnctora. The jar thus leceivea latlier raoro 

" "e than — E outside ; the latter, liowuver, being by 

k laigeet portion of the total — £ induced. After a few 

s of Ibe plate, a second limi t is reached, and the 

■ lefuse again either to travel or to be retained. TMi 

r offering an eaaier channel for induction 

e glass, the particles of which now offer more resiat- 

jp fbithet polanaatiou than those of air to a disruptiTe 

; The thinner the jai is, the longer must it be before 

be of things ensues, for the greater then is the facility 

Snctiim offered by the glass, and the less therefore will 

conductors acting through the air come into 

a with tlu outer coating. The charge which the 

" " can receive is in proportion to the facility it ban 

The thinner the glfi£s, therefore, the greater 

B its chaige, and the less the proportion of the free b> 

jd charge. K the glaes could be made of indefinite 

IS to offer perfect fiioility for induction, other con- 

n would not Iben come into contpetitlan with the outer 

The &ee chaise conld not then exist, and there 

o limit to the charge which the jar could receive. 

illy, however, there is a limit to the thinness of the 

le when the particles of the gloss become too highly 

i, they discharge into each other disruptively, for aa the 

IS Hiinner the polarisation of its particles rises higher ; 

n it is too thin, the polarisation rises higher thou the 

n of its particles can bear, and a disruptive discharge 

E tbrough it Snch a sjiontaiieous discharge some- 

V with ordinary Jars at their thinnest part ; and as 

e which it there causes in its passage makes the 

it is usual not to charge a jar to saturation. The 

il of a Leyden jar would be one whose dielectric waa 

itiy insulating, and yet offered no reaiatanee to the 

ntion of polarity among its particlea, a condition mnni- 

K-nnsttainable. According t^ Wheatstoue, the amoKnt 

'tity vilvkh ajar can receive, provided it be of uniform 

'» prvport'unial to the coated tiirface, and invenatj/ 

ato&e iguari of the thKkiMti of ttw fllow. 



^K The two chai'ges ere bound by mutnal attractloB U tM 
^Bde of the glasB ; but if botli coatings conld be iimnlUuieadi 
V^muvetl, as in the condeuaer, ei^ch would give iHbUi 
Pwridence of its Mgh electric tenaion. The outside coUing^V 
r)>e touched without shock, for the ~ E is next the t^Mt) jl 
fl ibe + E has been lost in the grouod, of which Um OOt 
twsfice of the couling, as well as the h&nA, forma a part "fi 
F.innei costing, or its repreaeiilative knob, may BOt be tondi 
rvJlile ths jar is uninsulated, for the discharge of the l| 
Ktwatings wonld be effected through the ground &nd bid 
I IVhen it is insulated, it may be touched, after, lutvoM 
I receiving a amall spark, arising partly from the dischatgt 
I the &ee charge. The outer coating- becomea here the iiunlitl 
I or charging coating, wliich must always ^ve more elMtrid 
I than it binds on the other coating ; for although Hit <Stl 
L tcating offers the greatest facility for indnction, 

■ Moductors still olfer some facility, and divert some of 
r< Purging electricity as a free charge on them. 
■1 ihe Bpark got from the knob ia partinlly made Up of 
^ -^ E already there, and partially from the + E set &ee 1^ 
r.'eraresponding amount of — E being set free in the outei^' 
I' Hie charging coating. "Wlien now we touch the outer 
f » — spark ia got from it, and when we again touch the 

■ 'ft -f Bpork ; and thus, while the jar it insidated by 
li alternately the knob and the outer coating, 
■.discharge it. A toyt caUed the electric spider, prettily II 
D'ttBtea this action. A ball connected widi the outer coatil 
E jAaced at the distance of one or two inches from the 1 
W^ tbe jar which is insalated, and a piece of pith mads ii|i 
V!;u to resemble a spider is hung by a silk thread between. ~ 

■ Irpider keeps moving between the two balls, under the infloi 
K^ the electricities alternately liberated from each coatiSf^ 
m When we wish to discharge the jar with the tongs, w« J 
B oae ball on the outer coating, and bring the other ronnfl 
P the knob, when the dischai^ng spark takes place. The leq 
F of this spark is many times longer than the thicknesB of'' 
r glaaa, which shews that a discharge tafces place mors ed 
I through the air than through a glasa pkte of mucti iabg 



h.i-rge, nearer to the knob, a feebls ittondaiy diteharye 
I '.is, arifling from the eleofricity whicli, uiidet tlie intense 
.■.:l, had penetrated the glass, in the einleavourto force a 

I mating pasBBge through it, being partially left in it. It ia 
, I i.-i slate oE conductiou into wiiiiih the surfaces of the glass 

iipiced, that we may attribute the fact, that the chai^ 
■,ira to lodge more on the glass than on the coatings, the 
1-1 merely serving to nid in giving completion to their 
:i-uouiIiicting state. This is usually iUustrated by a jar 
. \i movable coatings, which, when charged, can be taken to 
■s. The jar being insulated, the inner coating ia first 

II ved, then the Jar is lifted from the outer coating. Both 
'lilies being conipletdy discharged, the whole is again pat 

■, .^iid a diflcbaige of very conaiderable power is obtained. 

V series of InEulatcd jars can. be charged simultaueously 

. 1 the same charge. They are arranged so that the knob of 

Ill's! jar is connected with the machine, and its ouC«r 

niig with the knob of the second. The outer coating of the 

'lid is in the same manner connected with the knob of ths 

I'l. aud eo on, the Inst outer coating being connected with 

ijround. The whole is discluirged by bringing the knob 

I ill.- first in connection with tlio outfit coating of the last 

< ii called the charge by eaicade. The outer coating of 

■ jLir, and the inner coating of the nejt, is placed in the 

:ini circnnistances as each of the cylinders (Eg. 35), only they 

fiiparated by glass instead of air from the next in the 

I '-S and from the extent of surface and prosinuty of each, 

■v are polarised much more powerfully. 

Fur great power, large surfaces are necessary. This can be 

ol,tained either by conatruoting a lai^e jar or by ututing 

Kvend small Jots together, so as to act as one. The latt«r 

iiuihod is preferable, as we can vary the surface according to 

; number of jars employed. A combuiation of small jars 

:i.d together ae one ia called an rkctric batteri/. A very 

iiienient fona of electrin battery is shewn, in flg. 55. The 

Kiioba of each jar communicate with a laige central one by 

meocB of arms of brass movii^ on hinges, and the outer ooat- 

lOgl are put in conducting connection, by being placed on an 

ijBtool covered v/itix tinfoil The intent MW&Mgk 



are conveniently cliiiTged by a long projecting arm. from I 
centra! knob, and the exterior ones by connecting the el 
with the knob of the unit jar, or by a wire with the groui 
Any jar can be thrown out of action by throwing back its fu 




With respect to the Btriking diitance, or that I 
iriiich the air-discharge takes place, it has been found that j| 
it proportional to the omownl of the charge, and i 
proportional to &e extent of the coatings. Thus, when, a jm 
is half charged, the strikii^ distance is half what it is with 9 
fail chaige ; and to keep the same Btriking distance for a jar d 
twice the eize, a double charge ia neceesary. The amount of tl 
charge is correctly enough known by the number of turns d 
the plate of the machine. When great occnracy is wanted, tl 
outer coating of the insulated jar or battery is mode to e 
into the knob of a small jar, whose outer coating ia 
vrith the ground. A boll connected with the outer coatii^ of dj 
nnall jai' is fixed so near the knob, that when charged the jl 
diBcboi^es itself. Each di»:harge of the small jar m 
much electricity fixed on the lajge jar ; Buch a n 
denominated a unit jar. Tlie action oE the unit jar shews S 
that a small surface frequently discharged, ia equivalent tol 
mr&ce onoe digchwged. 



'* wiA Ikt Ltxjdm Jar or BatUry.—'By disc 

len jnr m rlci'Jrif. iiattn 

, we otitam wjiuo buatiliful 

K electiici^, Wlien ih© lUecluu^ is eJfccted tJ 

of gold or platinum, llie beat acconipunyl 
is BO gieat as to diaaipittc tlicm in vnpour. 
:ui9ipn of Uie air caiiBoJ by tlie gpark is riicwii 
.1 mortar, Tliin is a wowlea mortar with two 
. :ig dr-tij|]it at the opposite eidvs of t|jn breacJi, 
ill -noockii IjbII fitting i^loSely in the muz^ile. Tho 
eting between these wires in dlGcharge causes a n 
{■uudon of the ur within the mortar to drive the 
oe ili^timce o£ When the discharge is made ti 
ivHiwder, it toues the grains violently about, but 
ii'ii; when, however, it is retiirded by intiw 
■rfitt conductor, each as a wet string, into the c 
iiljowder is fired. IVhen the discharge is made tliro 
f two points pressing against its opposite aw 
~le is drilled into the glass. To iiaeist in such 
e universal discharger (fig. M) is used. This i 




B of brass mounted on gltiss piUiixs, so that their 

J distance can be easily adjusted., and of a small 

t placed between them, the whole resting on a 

When the discharge of a Leyden jar is made 

ber of indhidnals, each receives an equally 

The want of insuliition here does not cause 



■ ^Wlfcfc 



UQ Twpi^mp ,im '^n^L 



Hectricitiea of the two uoatings have eoeli 
roumi, for their final termiriiilion. 
60. Velocity of EUdric Discharge. — The 
r -which electric ilischarge takes place 13 bo great, ( 
V tnight well despair of retiching any definite inf umiation u 
Whentstone, by means of a revolving n ' 
e rata of propagation in certain circmnstsnct^. 

) made to revolve iifty times a, second, B 
■flection of the electric spark was observed in it. Al 
fc-ho takes a mii-ror in hie hand nnd makes it rerolT^'fl 
Rthat objects ore apparently displaced by it, and it a' 

a easy geometrical deraonatnttion, that the reflected fi 
I deseribeaanangie thedouhleof thatofthemirror. I^w" 
•or rotates at this rate, the image of a spark il 
I shew a displacement of 90°, we know that the t 
I moved throngh 45°, and the time during which tluB 41 
I place is ,^ of -^ i^ j^ of a second. If the duration M 
f tpolk, then, had been ^-J^ of a second, we should hart fl 
r its image move through 90°. The eye, however, during J 
I time would not have been able to discern any f 
lietween the begiiming and the end of the spark, bc 
30° would have appeared as one arc of light Esa 
" is way, however, the spark of a machine and of 1 
IS if the mirror had been at rest. Thu» s 
rVilh an apparatus where a duration of -j jj^nj part o( B 41 
[ would have shewn an arc of 1°, the electric spark t 

instantaneous. The discharge^ 
I Leyden jar through a long n" 
so instantaneous. Wl 
method of finding this w 
lows: Six balls (fig. I 
arranged in paira, each j 
quite near the other. 
b;. connected with 3 by a c 

quurter of a mile ii 
also 4 and 5 — the dotted lines in the figure n 
the connection. Wlien discharge took place, t 
y of the inner coating wit s conim nnicateA Ui \J| 
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inner to tlie outer coating, it would proceed from 1 to 2 Ly 

ipark, then by the long copper wire to 3, by 

ipark to 3, by the other long wire to 5, and by 

qiark to 6. To the eye, the three sparks seemed 

limultaneous. In the mirror, however, they 

pescnted the appearance of three arcs of equal 

length, the middle one rather behind the others mg. 58. 

^. 58). In this instance, the mirror revolved 

800 times a second, and the retardation of the middle line 

vas about ^°. The time, therefore, taken by the discharge 

to. travel from 2 to 3, or 5 to 4, a quarter of a mile, wa8 

aSO 800 1,152,000 



of a second, which corresponds to 



> 



888,000 miles per second ; greater than the velocity of light, 
vliich is only 194,000 miles per second. In the same manner, 
it was calculated from the lengths of the arcs, which were 24°, 
tbat the duration of each spark was -^^^^jjjj of a second. It 
thus appeared that the discharge was a successive one, not, 
at least, as instantaneous as through a short conductor. This 
prodigious velocity is only that of discharge, not that of 
electric action. The fact of both side-sparks occurring at the 
same instant, shews that induction must 
have been fully established along the 
Khole line before discharge took place. 
One would imagine, from the dual nature 
of electric force, that the velocity of induc- 
tion must be indefinitely great. 

61. CoitdenseTf the apparatus used in 
conjunction with an electrometer to 
increase its sensibility, and render it 
available for indicating the presence of 
very feeble electricity. A condenser of the 
omplest form is shewn in the accompany- 
ing iig. 59. A is a gold-leaf electrometer. 
The condensing apparatus consists of the 
two brass plate* B and C, which are placed 
Itozizontally, the lower one being connected 
with the metal rod to which the gold leaves are attached, 
and the upper one being provided with an insulalviv^ ^\jisa 




Fiff. 59. 



■■ndle. These plates are accuiatdy gronod, the OOt Vf^M 
Krilier, so that when placed upon' each other the}' tM(l[^| 
Wmery part. Their inner Barfacea are covered with *'^^| 
P't^ia and eijaahle layer of ehell-lof?. When an ohBerrntiki^H 
r xoado, the excited body is hrought into contacl witb^H 
i lower plate, and the finger of the observer is 1^ t^/M 
I tite upper. This being done fur a Kufficiect time, the UJU 
L ie first removed, and then the excited hody, after wluc&'^| 
r jdate, 0, is lifted hj its handle parallel to the other tHJH 
I the gold leaves at the ^ame time diverging under the%ri| 
I ence of the electricity left in the lower plate. Ute fSM 
I ohservation migiit luive been made nith the podtions cfv| 
I finger and the excited hody reversed, bat the leaves lnlSl 
t Qien he chaiged with the opposite electricity to tfutt ef>BH 
|"«xdted body. Reverting to the first case, the electrid]^l^| 
I tested ia commtinicated to the lower plate in small sdMmM 
I duugee, which, acting through the thin layer of shdl^^l 
I induce, as in the Leyden jar, a coiresponding chai^ of tH 
I ■ opposite electricity on the lower surface of the upper j M^ 
[ and send the similar electricity of the upper plate thmngV^I 
p. finger into the ground. Each weak charge of electrid^ S'9 
F to the lower plate is not allowed to dissipate, but is kept BH 
r or bound by the corresponding charge of the oppouie dfl 
I triuty which it has induced on the upper phtte, bo IhiMB 
L occumuktion of such chaiges takes place. As yet, llavfllB 
I there is no excitement visible in the gold leaves, tb« CbtM 
I city So oondensed in the plate B 1>eing capable of ocIiBg qfl 
I in one direction — viz., towards the charge of the uppetj|fl 
I When, however, the plate ia removed, the collecte^'dll 
[ tricily of the lower plate being no longer restrained tbjU 
I towards it, immediately extends to the leaves beloir, ■fM 
Kttanses a marked divergence. In this manner, electdot^ifl 
^ko low a tension to affect immediately the gold leavea CuS 
^BondenBed, so as to possess the power of doing so. -^ 

^V It is found that the efficiency of the condenser dflpafl 
^^tpon the accurate grindiog of the plates, the thinneas'ifl 
P evenneaa of the layer of abelUac with which their inna ^M 
I faceaare varnished, the fflze of ^M^||h^di'hdrn|dlHH 



e nninerictil reanlts are vranted, that little depend- 
a be placed on the paraUelism attained by the hand. 
e accurate obserratiouB, thu condenser is mode qnite 
1 the electrometer. The plates are in this taao 
d TCrticallj to two wooden pillars, on which they are 

i, and which slide in a hodzontal groove made ii 

[ the inftmmenL The plates, thus goidud Ijy the 

Bi^e made to approach ojid to retire fiotn each other 

ii faces paraUeL lu a condenser of thia deecriptioi 

ll-lac Tnrmah is used, the air betweeu the plates acting 

le dielectric in its place. When one of the plates is ci 

1 the knob of the electrometer, the obserratioii 

Is B£ already detailed. 

ctropharus, — This generaUy consists of a tin mould 

h ehell'lac, and a movable metal cover, with a glass 

e, as shewn in fig. 60. The 

ia poured in when melted, 

is mi led with some otlici 

i, to make it leaa brittle. 

i of ehell-lac, one of 

one of Venice tnrpen- 

s ^ven Bs a good mixture. 

1 naed, the surface of tbe 

tt Bhell-lac is smartly beaten 

a cat's fur or foxtail. Tb 

ta then put on, and toucJiei 

t tha finger, which receives . 

S spark of — E, just before 

I place ; and after 

X ia removed, the cover, when lifted by its insulsting 

i. brisk spark of + B to anything presented 

an be repeated for several minutes without 

eut exhanation of the source of electricity; and in dry 

n this way houra, and frequently . 

ir the cake has been beaten. j u is 

a of the electrophocoa may be tbns j- Lijihtning 

1 lie surface of the coke of sh^^ jf „^;, ^ ^^ 

„„-:i-n= f — :t Tliia ni>t«- . -T . 

^Siog deacribes, perhaps. 
'" """^lons, accomfoniw eU^oJ^ 



A f^oil dielectric, t)ie indactton become cmu)«ktiib€ I 
+ E becoming fixed ou the side neit thn ahnltllt 
— E being sect to the ground. The -- E ot tbs 
•nrface of the ahell-hc ia thna liied by the + E of the 1 
When the cover ie put on the cake, the contad beM 
two is not fiufflcieiit to allow the latter to ununuiW 
chiorge to the former. The cover is thus acl.ud on in4l 
not condfetivelj. The ~ E of the cake, then, has llu 
of two chMinela for its iDduction, either through the 
the mould, ut through a very thin film of ut to tit 
The latter, from its offering bo. short a iiaasage tiag 
dielectric, has the preference, and the inductive aaUa 
charge is diverted from the mould to the uover, and : 
on the other aide of the cake ia for the time liberate^ 
in the ground. The uover being strongly polE^wd 
induced and fised on its lower surface, and ^ E ob il 
this last being transmitted to the ground by the fisge 
the finger is withdrawn, and then the cover, the + 
latter is free to discharge itself by apark, and inductiv 
again takes the ditection of the mould, once mora a 
+ E to it. If the cover be lifted off without being 
no spaxk cnn be got from it, aa both indaced alfl 
again unit*?. The induced polarity of the cover is 
with no loss to the chaise of the shcll-Iac, wMek i 
continue to act with the same efficiency. The Iom 
tricity that all chai^d bodies experience in air, and e 
when moist, at length dischargea the cake, but '& 
place all the leas readily, that when the eleclricil 
needed to act on the cover, it is kept boimd by 1 
induced by it ia the mould. Ia order that the + ] 
mould should have liberty, so to speak, to come aai 
electrophoms must not be insulated ; and wh 
action on the cover is feeble, if at all percepti] 



Atmospheric Electricity. 

titujj (Ft. eclair, Ger. BHt!). — Fninklin wm Ihn fini 
the identity of the lightniog uf the lipavpn* » 
spade Bj his famons kitu experiiueat, ho < 
Uio thunder-cloTid aasomea uu electric conditli 
milar to that of the cnmlm^tor of an i 
id that the same methanical fuid luminom 
1 tboDgh in a diCTerent degree to both. 
;h electricity are ctiUed thunder-cloadfl, and a 
a hy their peculiorlj doik and dense appeAiunol 
of thunder-clouds isvery ■ ' 

as high Ha 25,700 feet, and a thunder-cloiid B 
} height was only 89 feet above the groaia 
M Aiago, there are three kinda of lightning, v' ' ' 
li^tning of the first, second, and third clitses. 
ttt the first class is familiarly known as forked- 
r. felair en sigsag). It appears as a broken lino 
Me, thin, and well defined at the edges. Occft-^ 
len Par ting between the clonds and the earth, ; 

T the latter into two or three forks, and is f 
teste at trifurcate. The termimitions of t 
B Bometimea several thousand feet from eai;h othti| 
i, the length of forked-lightning has b 
t at trigonometricaUy, and the result gave 1 
tl milea. Lightning of the second claas is wha 
ly called aheet-lightaing (Qer. FtachenUth). 
(onn, hnt seems to be a great mass of light 
i intensity of lightning of the first class. Somi 
inged deddedly red, at other times, blue oi 

rs behind a cloud, it lights up its outline onl^ 
f, it illumines the world of clouds, and appea: 
Eth from the heart of them. Sheet-lightning | 

e frequent than forked-lightning. Lightn' 
i kind is called ball-iightning (Fr. giobea de f 
Jitii). This so-called lightning deacriba 
rare occnsigns, i "" 



F'diaohaige, or lightning proper, than i 

tleotric. It ia Baiil to occur in this way : After a T 
' explosion of lightning, a. ball is aeen to proceed &om I 
' region of the esplosiott, and to malcE its wiiy to tlie Ml " 

a curved line like a bomb. When it reiu^hea the ^oa 
■leither splita up at ouce, and disappears, or it relioondali 
■dLlstic ball several tiniea before doing » ~ 
Being very dangeroua, leadily Betting fire to the bnildil^ 
Brhich it alights ; and a lightning- conductor is no pre 
^ngainBt it. Eall-lightning lasts for several seconds, B 
lithis respect, differs ve:y widely from lightniiig of the fi; 
y isecond classes, which ore, in tlie strictest sense, mom6ntn| 
L The thunder (Fi. tonmm, Qer. Votuier) which accompM 
Liljghtning, aa well as the snap attending the electric sp*^' 
Ksot yet been BntiBfactorily accounted for. Both, no d 
Hsrise from a commotion, of the air brought about hy,^ 
Kpassage of electricity ; but it ia difScolt to tmdeistaad 1l 
r it takes place. Suppose this dilSculty cleared, thers- 1 
L remains the proloaged rolling of the thunder, and its li 
' rising and falling to account for. The echoes sent li 

■ the clouds and iJio earth, or hetwean objects o 
L sodace, may esploin this to some extent, but not folljl; 

person iu the immediate neighbourhood of a flash of 1^ 
' ning lieara only one sharp report, which is pocullarlj at 

■ when an object is struck by it. A person at a distaaca It 
the some report as a prolonged peal, and persona ii 
situatimiB hear it each in a different way. This mayli 

I iar explained. The path, of the lightning niay be reekc 

At one or two miles in length, and each point of the pat 

1 the origin of a separate sound. Suppose, for the mAt 

I Bimplidty, that the path is a straight line, a person Ail 

I extremity of this line must hear a prolonged report {.' 

though the sound originating at each point of tha g»A 

produced at the eame instant, it is some time h> ~ 

I coming from the more distant points of the line reocliM^ 

ear. A person near the middle of the line hears the v' 

' less prolonged, because he is more equidistant from the S 

eut parts of iL ^uUI|taaei in this way bears a c ~ ~ 
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the line. On tlds supposition, however, thunder ought to 

begin at its loudest, and gradually die away, because tlie 

sound comes first from, the nearest points, and then from 

points more and more distant. Such, however, it is well 

known, is not the case. Distant thunder at the beginning is 

just audible, and no more ; then it gradually swells into a 

Clashing sound, and again grows fainter, till it ceases. The 

rise and fall are not continuous, for the whole peal appears 

to be made up of several successive peals, which rise and fall 

as the whole. Some have attempted to account for this 

modulation from the forked form of the lightning, which 

makes so many diflferent centres of souiid, at different angles 

lith each other, the waves coming from which interfere with 

each other, at one time moving in opposite directions, and 

obUteiating the sound, at another in the same way, and then 

strengthening. the sound, produced by each. Thunder has 

never been heard more than 14 miles from the flash. The 

leport of artillery has been heard at much greater distances. 

It is said that the cannonading at the battle of Waterloo was 

lieard at the town of Creil, in the north of France, about 116 

miles from the field. 

54. Ordinary Weather. — The attention that was first directed 
by Franklin's discovery to the atmospheric electricity, as dis- 
played in the thunder-cloud, has since then been extended to 
the electrical condition of the air in all the different states of 
the weather. It is now found that the air is sensibly elec- 
trical not only when the sky is overcast with thunder-clouds, 
but when the weather is clear, or when no thunder-clouds are 
present. The observations of atmospheric electricity, in the 
latter circumstances, are made by means of very delicate elec- 
troscopes. These instruments are constructed for being used 
either alone in the open air, or in a room, in conjunction with 
aa apparatus on the roof of the house for collecting the elec- 
tricity. The following are some of the results derived from 
these observations: When the sky is clear and free from 
douds, the atmospheric electricity is always positive, and an 
electroscope exposed to the action of the air is charged with 
+ E, On the other hand the electricity of the ground is 
&Qnd to be — , This was shewn in a very ing^moAjka ^^^ V3 



Tolta, who, by catching the fine tptsr of a 
plate of a straw electroscope, found the Btiawa to d 
the — E commmiicatecl to ihem by the water, i 
necessarily of the same character as that of the g 
is from this fact that electroacopea, or the collecting «i 
doimected with them, muEt not be overtopped by the a 
bouring trees or builJingB, the — E of which i 
iffectB the indications given, and it m due to the 
Slat no atmospheric electricity is diecoveted in the inid^.< 
« wood, or in a room, however high the ceiling. TTuigr 
'«leu flky, the tension of the atmoBpheric electricity it 
to increase oa we ascend, the lower aerial strata being la 
'Metrical thau the higher. £ecqueiel proved this by a raeq 
experiment on the plateau of Mount St Bernard. On. a p| 
ei oiled silk he placed a Bilk thread, covered with tinae^4 
.end of which, terminated by a ring, was connected witlt ll 
rod of a straw electroscope, and the other end was tied ta.i 
arrow armed with a metal point When the arrow waa 4 
horiiontally, the straws Bhewed no diveigeace ; but wlieati 
Arrow was sliot upwards, they opened as it ascended, U 
divet^ed most when the arrow, in ascending, diaengi^ed tj 
liiig from the rod of the electroscope. The same fact ia dm 
in the following way : When a very delicate electroMopa 
adjusted for any particular position, it will, when eler^fld 
few feet above that position, give indication of + E, and »* 
I placed a few feet below, it will be charged n^atively. In.e 
I'Weather, likewise, the atmospheric electricity is found tvr 
.iJRlljject to certwn daily periodical variations, and appeazii 
'JfaAve two ma\iua and two niLuima in the course of twen~ 
jbur hours. The first maximum takes place a short time al 
aunriae, and the second shortly after sunset ; the first miniiBf 
idtoitly before sunrise, and the second in the aftemomi, n" 
the heat of the day is graatest. The cause of these peiioc 
changes is attributed to the formation and condensaljna i 
watery vapour in the atmoaphere ; shortly after sunrise, a V 
quantity of vapour rises into the lower stratum of the aji^ k 
acting as a conductor, tranBiuila the electricity of the h _" 
■trata towards the surface of the earth, giving rise to thtSi 



< ^ and less moiBt, snd loeee, in consequt^nci^, tla condactXng 
. "Hvr, so that when Iho atraoBphere is holiest and dricat, llie 
ultemooit iniiiitniim tokea place. After BUDset, a rapid coa- 
deosation occuis, and the lower etrata are once more charged 
with moistiire, whicli causes a second maximum at tlie begin- 
ning of night. Before amiriae, the deposition of dew become* 
^LCiit-est, Eo that the +E of the lower etrata ia tranamitted 
I the soU, cauaing a minimum at that time. It seems to 
li generally that anything which tenda to increase the 
■riiiacting power of the lower strata, anch aa watery 
jjiom' in a visible form, increases at the same time tlie 
juuapbetic electricity, and hence it ia that in time of luiat 
■ iL'.' electrical tension is higher tlian in clear weather. It may 
''■•'■ lie attributed tt> the some fact that the atmoapherio elec- 
i: iljia greateat in January, and least in June, the former 
: "iiith beiug cold and miaty, and the latter warm and clenr. 
' ' cloudy weather, the electroscope is affected somt^timea posi- 
IV' ly, sometimes negativelyj snd ia generally leas influenced 
■!.ai in clear weather. The electricity of rain, snow, hail, &c, 
-itmetimeB poaitiTe, sometimes negative. In Stuttgart, for 
i-tance, it was found in the course of a year that the rain 
ij 71 times positive to 69 times negative, and the anew 34 
:i'je3 positive to 6 times n^ative. 
The cause of atmospheric electricity has given rise to much 
■ 'ussion among meteorologists, and as yet no theory has 
Ti proposed which satiafactorily accounts for it According 
i'ouiUet's theory, tie electricity developed in evaporation 
^1 vegetation is a sufficient cause for the + B of the 
: ; the vapours and gases evolved in these processes 
![ig charged positively, the soil and plants, on the othee 
ml, negatively. This opinion is combated by more recent 
I crvera, such as Eieas and Hcich, who, after a series of 
ii-fiil e:(perimenta, give it aa their opinion that if such, bo 
: ■ cause of atmoapherio electricity, the fact is wholly without 
:|>vrimental data. Lamont maintains that the air itself is 
Hit electrical, and ia not capable either of conducting or of 
reiflining electricity, and that the phenomenon of atmospherio 
dectriidty ia due to the induction arising from the — E of 
~T6 earth, which he coaadea to be p 



^r 65. Zightjiitvj'CoTidudoTs (Ft. parafoanern, Gei. SH 
^Kiter).— The principla of the lightnijig-oondactor i% 
Rtlectricity, of two conducting parages, selects tite tictler; 
r.<Qu.t Trhea it has got tt sufficient conducting pasESgc^ 
I dJBartned of sll deBtmetive eneigy. If a pecson IwUi' 
w hand near the prima conductor of a powerful electric iomI 
f in action, he receiyea long forked Htinging spatta, ud 
I whicL catuea a veiy sensihLe convuldoa in fais fraioe. ' 
E-'if he holde in hie Itand. a ball connected mtli the groiuid! 
I wire or chain, the above sensation h scarcely, if at 4U, fij 
t e&ch Bpark occura, for the etectilcitf , now hEi;Ting the baB 

■ 'iriie pasMge to the ground, prefers it to the leas conUI 
f Tbodj. If, instead of a bull, a pointed rod were 1UB^ 

■ sparks would pass, and no eensation whatever would bs 
I Ttiie point silently disi;liarge3 the prime condtictor, aud- 
W not allow the electricity to accumulate in it so tu to jml 
r a spark ; and the quantity passing at a time, even mpM 
I 'the rod disconnected nitli the ground, is 
I •Bact the neryea. If, for the prima conductor of the 
E -we substitute the thunder-clouds ; for the body, a 
W ^or the convulsive Bensation, as the evidence of electrie pO 
I .lieating and other deatrnctive effects ; for the ball, or 
r and wire, the lightning-conductor, we have the same oc 
I tiona eihibited on a larger natural aoale. It is easier, 
r to protect a building from the attacks of lightning &ia 
I 'body from the electric spark, aa the rod in the one gsm 
f much better conductor, compared with the buildup, tiu 
W, 5b conapared with the body, and in consequence more e 
1- diverts the electricity into it. 

k The lightning-conductor consists of three parts : the n) 
r pirt overtopping the building ; the conductor, or pait 
I aeoticg the rod with the ground ; and the part ' 
I ■ The rod is niade of a pyramidal or conical form (the 
f lieing preferable), from 8 to 30 feet in height, securely fixed 
the roof or highest part of the bnilding. Oay-LuBsao 
that this rod should consist, for the greater j»art of its 
below, of iron ; that it should Ibcn be sunnoiuited by a 
filiflrp cone of brass : and that it should finallj avid 
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IrtD reader perfect the cooducting connection of tlic parts. 

Hdifficully of constmctiiig each, a roil has led generally to 

idoptioii of Bimplc rods of iron or copper, whose ppinta 

"*t, to keep them from becoming blunt by osidation. It 

I the utmost importaiioc that the upper extremity of the 

(liould end in a sharp point, becuuBe the ehtirper the 

1^ the more is the electrical action of the conductor limited 

! point, «nd diTeried from the rest of the condttctor. 

13 ^us leas danger of tbe electricity sparking from the 

tor at the side of tbe building into the building itself, 

I the quantity of the electricity of the clouds not bo 

Hnoos, the pointed rod would prevent n iightning-discbarge 

even as it ia, the violence of the lightnings 

Lsiderably lessened by the silent discharging- 

f the point previouBly taking place. According to 

', a conical rod, 8 feet in height, ought to have a 

>r at its base of 13.3 lines, and one of 30 feet a diameter 

te port of the lightning-conductor forming tbe connection 
n the Tod and the ground, is generally a prismatic or 
J. rod of iron (the latter being preferable), or a strap 
; Bometimes a rope of iron or copper wire is \ised. 
i wire improves as a conductor when electric currents 
I thiongh it ; copper wire, in the same citcumstauees, 
IS brittle. An iron rope is much better, therefore, for 
J than a copper one. Galvanised iron is, of all 
s, the best for conductors. The oonducting-rod ought 
! propedy connected with the conical rod either by 
r soldering or hoth. Here, as at every point of 
the utmost care must be taken that there is no 
1 the conduction. The conducting-rod is led along 
t, and down the outside of tbe walls, and is kept in its 
n by boldfasta fixed in the building. There mnst be 
turns in it, but each bend must be made as round as 
Considerable diacussion has arisen as to the proper 
r the conducting-rod. If it were too small, it 
I only conduct part of the eleetiicity, and leave the 
g to conduct the rest, and it might be melted by tbe 
~ it esdeavoming to force a wxaam tiuKfo^ U> ik' 



ifatnlBraetit coadnctor. The Vans Coi 
1&S3, gave tlie miiiimDm section of an iioa comhictor H 
aqoare of 15 roiilimetiea (about ftfa? of an indi) in iaiB,m 
this ibej ci>ii^idereil quite sutfiident in all circunutaneai ' 
lod of copper would need to \x only ^ths of this^ as om 
ccmdocta electricity abDut ai timea more readily than ifl 
This calculatioa b verj gciteiallj followed in practice. ! 
liadiiH; the coadnctor along the buililing, it shoiuld be'!) 
BB much apart as possible from mafEee of conducting ad 
■bout the building, such as iron beam^ machineiT-, &c.' A 
msj foTU a broken chain of conductors conuuiuucatingiti 
. ib& groand, and divert a portion of the electcicitj- box t 
^htDing-wnductor. If Euch took place, then at each iMH 
TOpCion electiicitf would pass in a visible and dangennun 
' and the efficacy of the conductor would be lost. If thg M 
doctor cannot be properly insnlated from these iniiBfl' 
metal, the secessoiy security is got by putting them in an 
n with the conductor, so as to form a part of it Wst> 
' rnns, leaden roo&, and the like, must, for this reaeon, alt 
; {daced in conducting connection with the coadnctor. 

The portion of the lightning-conductor ■which h placed ; 
^e ground is ao less worthy of attention than the other tl 
' Should the lower port of the conductor end in dry caith, il 
voree than useless, for when the lightning, attracted bf 1 
joominence and point of the upper rod, strikes it, it findqf 
aR likelihood, no passage through the naeonducting drjr MM 
I Bod, in consequence, strikes off to a part of the ground irfa 
, it may easily disperse itself and be Icat Wherever it ia pi 
ilacBble, a lightning-conductor should end in a well or ll 
'liody of water. Water is a gooil condnctor, ami hui 
>TwiouB ramifications in the soil, offers the best facilily to 1 
I electricity to become dispersed aad harmless in the gnoi 
' The rod, on reaching the groand, should bo led down ftfl 
or two feet, into the soil, and then turned avagi 
'jight angles to the wall from the building in a homU) 
'dnun filled with charcoal, for about from 12 to 16 leet, i 
' then tamed into the well so far that its termination is Si 
. likely to be left dry. Where a well cannot be made, a b 
wide Cwi'Ier if powible) should Xje 'bOTeBi.fepw.^i 



I . Umi roj pbocd in the midJIe of it, and tlia iiilPn-pniti^ 
tloscly pniked wiCli freshly- healed chareiml. Tha char- 
><:rve3 the double purpose of keeping the iron (luni 
! L ^, and of lending awujf tbe eleclrieity from tlie tod inU> 

. -lilnii^-couductora, when constructed with care, hoTO 
, proved Leyoail a doubt to be u Buffident protection from 
ijvagea of lightnii^ The circle within which a liglil- 
,■ -.J I inductor is found to be efficaoiouB, ie very limited. lU 
. .i.i is generally aBBUUied to be twice the height of the rod. 
l.a'ge buildings, it is therefore necesBury to hove soveral 
, uae on each prominent part of the Imilding, oil being 
i.'.'tted Ki tts to furm one conducting system. In ghips, n 
I IS placed on every mast, and their connection with the 
i.~ (jstablished by ftrips of copper Inlaid in the mants, and 
!itd below to the metal of or about the keel. 



Chronology of Frictional Electricity, 

'.<\ Thales, about 600 b,c., refera in his writings to the fact 

■ amber, when mhbed, attracts light and diy bodies. This 
. the only electric fact known to the ancients. The science 

■lectricity dates properly from the year 1600 A.r., when 
lljert of Colchester published his celebrated treatise (23), in 

^;h he gives a list of substances which lie found to pos- 
■-■ the same property as amber, and speculates on magnetic 

I i-lectric forces. He is the inventor of tlie word electri- 
. . , which ha derived from the Greek word eUctrtm, amber. 
.11 voM Guericke, bu^goiuaBler of Magdeburg, in his work 

pfnintiUa Nova Magdeburdiea, (1672), describes, among his 
:..r inventions, the first electric machine ever made, which 
: -ifled of a globe of sulphur turned by a handle, and rubbed 

,1 cloth pressed against it by the hand. Hawksbee (1709) 

■'li'ucted a machine in which a glass cylinder, rubbed by 
■ i.lry hand, replaced Guericke's sulphur globe. Grey a 

liler (1720) were the first to transmit e lect,ridty ftM" 



and Don-condnctOTB. Dnfay (1733—1745) eihewed feefl 
of electrics oiid non-conductorsj and of non-eleatrii 
conductora, and was tile firat to discover the two H 
electiicilj, and the fimdameutBl principle whicli i^ 
their action. Between the yeara 1733 and 1744, mv^ 
tion W03 given in Germafiy to the construction of \ 
mschineB. Up to tliia time, notwithftanding the iiiT| 
of Oueriche and Hawksbee, the glass tuhe mbhed bf i 
of cloth vthich Gilbert first introduced, waa used in oll| 
ments. Eoze, a profcasoi at Wittenberg taking the Ml 
Hawkebee's maclune, employed a globe of glass for Ids ml 
and forniEhed it with a prime conductor. Winklei,! 
feasor at Leipsic, was the first to use a fixed cneHon! 
machine. The Leyden jar was (1746) discovered OBtaii 
at Leyden by Mnschenbroek ; hat the honour of the £1 
has been contested ako in favour of Cnseus, a ridi bm 
that toTTO, and Kleiat, canon of the cathedral of Cat 
Fomerouia. Franklin (1747) shevred tlie electric condif 
the Leyden jar, and (1753J proved the identi.^ of lij 
and electrid^r by hia &moua kite experiment. This i 
performed with the same object abont the same Uq 
qnit« independently, by Bomas of the town of Hd 
Fronce. In 1760, Kanklin made the first lightniny<on 
Canton, Wilke, and MpiawB (1753—1756), esBmiBl 
nature of induction. Eamsden (1768) waa the first i 
etruct a plate-machine, and Nairn (IT9D) a two fluid cy 
machine. The electrophorua waa invented by Tolta it 
and the condenser by the same electrician in I76S. Il 
Coulomb, by means of his torsion-balance, inrestigst 
laws of electric attraction and repulsion. In 1837, I 
publiahed the first of his researches on induction. Aioq 
in 1840, designed his hydro-electric machine. 



GALVANISM. 

m Voltaic Elcctricitji, is tljut braucli of Ilia 

B of electricity which treats of the olectrin ruircnts 

t chemical action, more paiticulfLtly from thut 

I the diaaolutiou of metula. It is sometimes calloil 

J Blectiicity, because it deals irith uarreat electricity, 

~n mutio:), and is thus distinguislind from 

icity, which is called Statical, in consequence 

g the electriu condition uf bodias in which 

insulated or etationary. Thrae terms, 

n thtiB property applied, are in all strict- 

'- iipplicable to both ecieuces, Frictionid electricity, though 

: '.I in quantity, can pass in a eennble current, and gdlvauiu 

' I deity, though email in tension, Cttn be made to manifest 

Jittmctiona and repulsions of atatiwil electricity. Thus 

.soriee of dischEU^;eB which are bananiitted in a. wire con- 

I inj" the prime conductor of a machine in action with the 

iiiid, or negative conductor, possesses, though feebly, the 

: r.icteriatics of a galvimic cnn-ent ; and tiie inaulated poles 

I many-celled galvanic battery, manifest before the current 

>ins the electric tension of the friction machine. The other 

S ot oBTTBnt electricity will be treated under Magneto- 

bity and Thermo-electricity. 
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Action of Galvanic Pair, or Single CelL 

r Voltaii: Poir.— When two plates of copper 
i zinc (zinc whose surface haa been rubbed 
ti mercuiy) ate pkced in a vessel (^. 61) containing 
3 which a, s 



II quantitj 






iO long 05 they are kept from touching, eithe^ 
pant the liquid, they remain appuientVy vi ~ 



Br, they be made to tcucli, bubbles of lydJ 
Ibrraeii in abundance at tlie topper plate, and thw fc 
continues until the plates are again ECparated. If the con 
be umintained for sunie tLiue, and the plates and liqm 
afterwards examined, it is found that the copper plate «■ 




eiactly the same na before, that the dnc plate hofi iM 
weight, and that the liqtud contains the lost zinc in. Mini 
in the form of the Bulphate of that metal. The ctintaet 1 
not be affected by the plates theniselyes. If wires o( ocq 
or any other conductor of electricity, be soldered to the pi 
or fixed to theui by binding screws, and be made to tona( 
chnnges just mentioned take place as if the plates were id 
tact. When the wirea ore thus joined, and, bo to speak,'] 
one connecting wire between the plates, Ihey exhilutii 
peculiar properties. If a, portion of the conneclii^ wl 
placed parallel to a magnetic needle, and Uie needle tin 
'ts north end no longer paints to the uognetio fl 
a point either to the east or west of it, and this 4 
epaiation. of tlie mirea. 



^BtmUintDg a conducting ItquiJ, the ume ciinnguH I 
^H to a diminiBbcd vxluiit, t)iu cuntAct \iving com- I 
rnugli the liquid. Tlie ends or the irirwt. when no | 

. -.hovf itrong cbMni<»l aflinitieH. If the conducting i 
;i solution of the sulphate of cojipcr, the wire froni 

I , ipjoca coated with the copper of the solution, whilMt , 
r nttracte ita oxygen and enlphuiic acid, and wturtea 
entering into combination with them. Again, if the 
he wires be connected hy a mwll i>ioce of fine pktinum 
'ire, the pOEsnge of the current through it will make , 
ot. The connecting wires are found, therefore, in i 
Tirtnal combination, to possess veij marked magnetic, ] 
, and iieating propertiea, Tlie arrangement just I 
I constitutes a galvame nr voltaic pair, which generally ] 
)f tieo duaimilar conducting j^atta irntaerted in a liqvid I 
'i ehemieall}! on mu of Ihmn, iWisn the platei are pat in 
'g eonjteeiiim; and tlie propertiea just referred to, I 

chaiBcteriatio powers of cnrrent electricity, 
recta of t/ia Galvanic Pmir dut to Electncitij in Current, 
properties arise from the wires in connection being 
jf a constant discharge ot flow of electrici^, for tliey J 
aaed, Ihongh to a vety feelile extent, by the electricity 
ution electric niochiue. If the prime conductor of a 

electric machine be connected with one of the bind- ] 
i» of an inaalated galvanometer, and a wire connected 
ground, or the negative condnctor, be fiied into tlio 
e plate on being turned canses a current of electricity ' 
from the machine to the gronnd through the coil 
iilvatiometer, the needle of which will then shew a 
I of one or two degrees. The deviation, bo fur aa 

is concernetl, is the Rome aa that which would be i 
I by placing the wires coming from the copper and I 
actively in the some binding screws aa those con- j 
vith the machine and the ground. This would 1 
Ibot the copper plate slands electrically in the Bame 
I^MIhe zinc plate aa the prime conducti>r of the ' 
HBie*STOun(]. The electricity of the conductor is ■ 
^HMaC of the ground by indftction ncffllVaa-,^ 



that in the galvanio pair the copper plalei 1 
^yes off + E, ajid the xiuc plate — . Agam, let ti 
from the machine end in an insulated vessel c 
solution d£ the aolphate of copper, miA let the end of j 
platinum wire connected with the ground be made ■ 
ielow. the surface of the solution, and let the i 
iept in action bo as to send a current of electiicitj til 
the wirea and liquid, at the end of Borao miirates the pi 
the platinum wire will be covered with a minate i^iiaiil 
copper. The wire connected with the zinc in the gd 
pair, and that connected with the gronnd, are tiius tiba 
display the same chemical power ; and this, again, shfl 
that tJie zinc plate, like the ground in the above expen 
is the seat of — E. The electric eonditton of the pl&teaj 
cpntoct reyeala, with the aid of the condenser, the pmsj 
+ £ in the copper plate and — in the zinc plate. ] 
wire joined to the zinc plate be connected with the ffil 
and Uie insulated wire coimected with the copper fa 
to toudi the lower plate of a condenser whilst thft| 
touchea the upper, on the finger being first withdt 
the wire and the upper plate lifted up from the ]i 
leaves of the electroscope diverge with the + ^ 
the copper plate. 

It can be shewn, moreover, that the current is not C4 
to the connecting wire, for if a magnetic needle, be aao) 
between the plates when they lie north and south, d 
above the surface of the liquid, it will deviate from in 
position when the wires are joined, and in the opposile | 
that which it shews when held above the wire placed j 
same direction. The current thus passes within thaJ 
irom the zinc to the copper the oppoate way to that W 
it runs in the connecting wires, so that it makea a txi 
circuit Hence we miy conclude, generally, tliat'l 
galvanic pair a current of BUctridty mm v^ithia fhe Uplii 
th» chemieaUy active to the eJumieaibi paenvi pUUi, ""'^M 
thi ligwd, from the ehemieally pcusitie to tlie efumieaXt^ 
pltUt, making a complete circuit; and tha,t if the cond] 
connection be interrupted, the pair shews electric pola^ 




i2 iKtiN plait ii the 

U litgalim pott. 

ciimplute electric 
w v)mt is coUcid a golronic or 

' '■<.rai.it (Qer. goIuininAc iCftf »). When the inrciiit in- 
< ruly one puiroT cell, it i« called B nmp{« i;iifmnic ciWuit, 
-tvaiil joined togetiier alternaluly, a cumpound •jabcanK 
The corapuunil circuit will be treated under galvanic 
Wlien the luetulUo connection between the plates i* 
i:te, and ll)« curreat Hows or circulates, tha circuit ia 
< be cimai (St. fenac, Oer. genchloeien,) ; when incomplete, 
• m current Bti^, opened or indrntpiei (Fr. inlerrompa, 

■ ■.nffn^t). 

Circuit with two iiquids and one jnelal—Vfe have other 
■f producing a. Bimpla galrunic circuit tlmn hy the 
. > meut of two nietalB and one Uqnid as in the galvanic 
Two liqutila and one metal can oleo prodncc a circuit. 
L the best known anangementa of this kind is Becquerel'e 
. ] e(l oxygen batteiy (pilt d oxi/gitu), in which a cucrunt ia 
L r.d by the action of caustic 
1 1 Lin nitric acid— pktiaum, 
..J ^ted upon by neither, 
■ , 1^ the conducting arc. The 
(it;. 62, Ehewa its mudu dl' 
I. A amal! c«U, A, of porous 
'.■uware is suspended by a 
; [iongle within a glas^ jar, 
The purouH cell contains a 

■ '•■11 of caustic potash, and 
.!j^ jar concentrated nitric 

A plate of platinum, P, is 

Liilg eai.li vessel, to wliich Fig. B!i. 

..ires of a galvanometer are 

iii'<L The potosli and nitric acid act on each 

-nils of the porous cell, forming Bsltpetre, and pro 
; ; itnt lasting eteadily for days, which flows from I 
-)i to the nitric acid, and &om the plate in the nitrio 

ihroagh the wirea Co that ia tlie polaBK Ol.'^^ea SSi 



given off at tlie potash ptate. The nitric ACid f 

, and the potash plate the — pole. A. Eimllai ■ 
takes ]ilace in inuny cases ivhun the other soluble Imbhi 
Bulntituted for potash, and another add for nitric Aoiji 
current obaoTTtng the e&me direction, though diffeiiiig 
intensity. Matteucd substituted penta-snlphide of poUMJ 
'or caustic potash in the inner cell, and put either nilriBl 
ir chromic acid in the outer, and thereby produced a q 
stronger current than in Becqnerel'a arrangement, 

In the preceding circuit, the metal conductor auSa( 
change, and ueem^ to take no part in the action other i 
ajjiing aa condnctor. In other cirenita with two liquidi 

i metal, the metal takea an active part. A circuit of 
kind may be formed by putting a solution of chloii* 
Bodium (common, salt) in the inner cell, and one of chloric 
copper in the outer cell, in place of potash and nitric add, 
bending a strip of copper so as to dip into both. A weall 
steady current flows in the same direction aa before, attei 
by the corrosion of the end of the strip immersed in the I 
tion of chloride of aodium, and a deposition of cryibi 
copper on the eud dipping into the chloride of coppao 
the farmer case the action appears to arise from the affinj 
the base for the acid, and in the present cose from the d 
of the copper for the chlorine of the conimon salt ( 
circuits may be mentioned, such as the circuit concirt^ 
two metola and two liqnida, and also that of twoga»es,Bi 
and a liquid. The former of these, which is essentislb 
B that of two metals and one liquid, and the i 
which is knotrn aa the gas-battery, will he described unde 
rarioUB forms of the galvanic battery. 

62. The thtory b/ tht action of the galvanic pair may be 
given. When the two plates are put into the watel 
sulphuric acid they asaume opposite electric atatea. 1 
is developed at the surface of the zinc an electric I 
arising from its affinity for the oxygen of the 1 
which throws the whole arrangement into a Btat 
polarity. This is ronghly shewn in fig. 6S. The 
plate with its wire becomeB polarised, shewing — < 
wt^ extremitj luithest inna, tb* 1 



D Ti3Kt (Ml Bmott emjL. 

ity next Uie iiqniil. Tho copper p!nli> i 
poInriBcl in liie oppofiil*; way, licing - 
ilid — at its end ncit llie liquid. The compon 




if water (HjO), consisting of one ntotn of oiygen {( 

hydioeen (H,) ao united as to play llie part of « 

'o (shewn by H in the figure). It appoa 

liave reference to their componnd n 
le tliem plaDed in Ecries audi as tl 

1 their oiygen or — pole towards the zinc, t 
igen or + pole towaitla the copper. The + p 

shed from the — parta in the Bgnie by 1) 
1 the ends of the wires are hrought n 
might anticipate in tliese circumstancea that a 
s with iiiotional electricity, would restore 
This, however, is not tho case, for the electric 
e low thot nothing short of contact can eifect a di«- 
- n the discharge thus takes place, the polarity ot 
Sot the instant ceaseH ; the tendency to union of the 
(he atom of osygen next it is completed by the 
a of the oxide of zinc. But in oidur to accompliah 
■- hydn^en of the molecule of water next the zinc thus 
!S with the ojiygen of the B' 
fora trotef. and th e same transteieTioe a 



inolecule nest the copper is tin 
uualjle to unite oliemioally ' 

la state. In this way the chemical action, iClh 

nifested at the platea, ia not confined to them, \fa!t<i 
e throughout the liquid hetween all the contigi 
a giving paasage to the current. The oxide of xi 
the ziiiu plate ia instantly diEaolved hy the enlphiuiii 
rent in the water, leaving the plate aa clean aa fii 
ec the firet discharge, therefore, the whole airan^ 
a its first condition, bo that a second polorUotid 
scharge instantly Ibllows, ivhich ia succeeded hy a thit^ 
in. An uninterrupted aeries of discharges, t'ollowiog 
ii with inoonceiTahle lapidity, is thus transmitted al<n 
fteompleted circuity conetitating what is termed a cwM 
^.electricity. 

For the sake of eimplicity, we Lave here looked npM 
Jwater as the active chemical agent in the galvanic pMT. 
□o doubt, does produce a current when so placed, i 
Tely feeble intenai^. It ia only when solidiima 
a added that the current acquires anything lite e 
i thought more probalDle that it is the Btdj 
f Bcid which gives rise to the action, and thut the water SB 
I to dissolve the sulphate of zinc formed on the zinc plate,.i 
t water and sulphuric acid being neceBsaiy to steady t 
I According to this view, we best understand the ( 

sulphuric acid hy considering the mono-hydtatad I 
I H,0,SOj, to be HsSOj, composed of a t«'o-atom n 
■ Tiydrogen and a inolecule of sulphion, SOi, 

E atom of sulphur and four of oxygen. In the p 
I diagram, we have only to suppose the simple 
I marked to be a compound molecule, SO,, and w 
T equally simple and more probable view of the action of' 
I pair. We may express these views also t 
I equations i«piesenting each molecule by its chemical i^ 
\ According to the first, before discharge they would !> 



, arranged. Zn, OH, OH, OH, OHj, Oo^ 



0^■ Of GAL7iKlC P4IB, OK SISQLE CELL. 

, Zn, 60„Ha SO„Ht SO,Jlt SOj.Hj, Ca ; 
fc-diicharge, Zii,SO, H„80, HbSO, H„80( Hj.Cu. 
~\ Homogeneity of fte Cireutf.-^In. a wire where a curcent 
icity ia djcolating, there ia no point which forms, li 
otionol electricity, the seat of +. or — E, but it appears 
i througliont. It eserts no atatical 
1 surrounding objects; that ia, it lia 
, like insulated electricity, to attract and repel light 
~" " n which the ciurent ia paaaing may ho 
i, and it feeis in no way different when the current i\ 
g and when it ia not. The ataence of atatical induction, 
er, depends solely on the facility wliich the wire offers 
1 of the electric force as compared with i 
{ media, oa is shewn by the leapiag ocrosa of the 
1 electricity at the bend of the wire mentioned ii 
e 34, fig. 38. Oalvonic electricity, even from a large hat- 
fj/hovetmx, can seldom do this, and except in long telegraphic 
I, where the reEistance ia very great, docilely follows its 

3, to it by fer the eaaieet. But even in th 
i rircnit of fig. 38, if the force passing tlifough the a 
iB long wire he added together, it will be found eiactly 
it to that passing in the wires before the 
J takes placa Eetiiming to the simple gali 
t, ve find that it exhibits the same amount of force ut 
f-poiiit. Its inngnetic, chemical, and heating effects a 
« wherever it ja tested, whether in the wire or, where 
I, in the liquid. Its power to deflect the magnetiu 
B !b thronghont the aame. If intermptions he made ii 
inteFpoUi wire at several points »o as to send the current 
It solutions, Bay of sulphate of copper, the amount of 
r deposited at each of the breaks ia exactly equal in 
: connect the several breaks by pieces of 
i, each piece of plalimim wire will be 
dto the same temperature. 

, FolarUy of the Giraait. — Any portion of the circuit, 
«ly considered, has a different pole at each end. When 
oae interruption is made, as in fig. 61), the whole, from the 
extremity of the wire connected with the copper, round to 
Ihal uf the irire Joined to the zinc, may be 1' 




ELECTRionr. 

Sie. Tl may be shewn by the coaJenains elecb^cS 
^ thatenuh extremity bus an opposite electricity. If 
away any portion of either wire no as to bave 1 
[ instead of one, the piece of wire broken away is out (J 
lit altogether. However, by dipping the emhi tt 
s at taak interruption into a liq^uid that la decoiU 
under the cniTeiit, we hare the n 
of making two such intemlf 
^S witliout deatroying the corn" 
"A connection or stopping the < 
13 Fig. 64 ebewa how this may W' 
A and B ara two vesBels filled » 
solution of Bulphate of copper (Ci^ 
The end of the copper wire BOb 
to the zinc-plate Z of the ( 
pair CZ di^ia into A, that from 
cupper-plate C dips i. 
jnds of the wire broken off dip the one into A and the< 
The circuit is thus closed. In it we lutTO : 
J BiBtallie parts niarkod 1, 2, and 3. The part 1, wta 
L-nado up of the zinc-plate and copper-wire, ia corroded ■ 
and marked + in tbe Itquid of the galvanic pair, ajid M 
ft deposit of copper at the cud marked ~. The pEiit S i 
■ at the + eod ia A, but receivcB a deposit of o 
- end in B ; and the part 3 is likewise corroded Bt]S 
in C, and receives, ao to spcuk, a deposit of hyd 
I the — end in the liqnid of the pair. Each part t 

oppoaite operations at each end. We know (59) that the 

I ihim tlie zinc is — , that from the copper + ; and as w« 

I know the sign of two o]>posite poles, the others foll^A 

[ course Each + x>°le ia here eaten away, and raeh - 

i deposit of copper, Each metallic portion. ( 

circuit has a -I- pole at the one ond and a — pole at tte (A 

Tbe polarity of the current we should not eapect to b^ \ 

' e polarity of insulated fcictional electridty, ; 

eua the former 

.lva.ilc'p„l, 



kction tmd repulsion characteristic of etatiital polarity. 

^Ulic acid, as already stated (62), is made up of t 

n molecule of hydroyen (H^, and amoleeule of sulphioi 

D^, Similarly, sulphate of copper (Cu,SOj) ia coraposetl 

a tnolccnle of copper (On) and one of sulphion (SO,). Tho 

oortosioii of tha + polea ariaua in the above circuit lo their 

nUiiuty or attraction for SO,. They appear to attract the 

DKiltiCule SOi of the comhination Cn,S04 and Hj^SO^, and 

reject the Cu and the H,. Tho — poles have these affini- 

tj(^ reversed. If we consider the SO4 to be the — ele- 

inent of the combination, and H, and Cu the +, whidi 

cannot be otherwise, we have like electricities repelling 

and ujilike electricities attracting, as in frictional or statical 

"lectridty. Such being the case, the liciuid portions of the 

' iit^uit, like the solid, are + at the one end and — at the other, 

■iit in the reverse way. The circuit, therefore, is made ap 

^'.iroughout of + fiillowing — , and — following +. Cousider- 

ahle confusion sometimes arises from, speaking of tiie ;iiiic plate 

i- element aud — pole, and the copper the — 

tlement and + pole of the galvanic pur, and such expreseious 

The truth is, that the zinc and copper 

I jilatef must have each both poles from the very nature of the 

I dreait ; hut as the outer polea only of these plate? a 

I (radical importance, these aro considered to he the polea. 

"' 'E need a mnemonic, the n in sine, which is almost always 

I iBSociated in the pair as tho + element, cannot foil to rewind 

08 that it is the — pole. 

, Tli^retkal Viev!» of the Current. — According to the 01 

lijijiv of electricity, a force is developed at the seat of 

!■: I 'li, wlueh lias the power of libtratiEp the ele tnc ila di 

lit TLiintaining it in motion tliroufihout the c 

liLL' A current in the true sense ot tht, ttrm Ac ording 

i two-fluid theory, two such currents one of the ■ 

; of the — fluid, are made to m vo in opposite. 

B throughout tha circuit. Neither ot these explana- 

!S any assiatance in comprehending the curruit. It 

.cult, in fact, to conceive of such currents than to 

L without any explanation, the known characteristics of 



Leutrent, Jioeonliitg to tlie v 
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ptopagation of electric force by molecular action (32 lUid 

■e may conaidcr the molecules of the interpolar wire to be 

lewn in tiy. 65, C being the copper end and Z the zinc ti 

the ehofled parl.a being + » 

the unabaded — . The 1 

effort of the electric to 

developed by the chend 

affinity of the zinc for tbi 

^ / / ■', ■ f. or SOj, is to throw alt ' 

* ' moleculesi of tbe circuit 1 

Fig. C5, a polar condition, the fo 

being transmitted from n 

1 enle to molecido in both directions. + and — eleotriti 

I Appear in each molecule of the circuit ; and if the aotic 

1 powerfol enough, discharge takes place throaghout the « 

'i molecule giving out ita electricities to those nsi 

I which, throwing out the opposite electricities, produce ell 

1 quiescence throughout. A constant series of auch polarlsatS 

I Bnd discharges canetitiites a current. Th»% ia thus cai^ 

transmission of force throughout the circuit, but no tn 
I (Bon of the + and — electricities. Each molecule, i 
I may be looked upon as a amall galvanic pair, which, 1 
I action, of electric force, is nuide to act and discha^e so 
[ -ISka the galvanic pair, which is the seat of the force. 
I ingly, whatever portion of the circuit without the liqnJii' 

take, snch as tbat in the figure, we find the face of the te 
I molecnle nest the copper end or pole — , and that of the 1 
I iDolecule towards the rinc +. Each portion of the c 
I like each molecule of which it is made up, shews ( 
. polarities, and discharges opposite electricities at « 
The same holds within the Uquid, only the chemical al 
that gives rise to the current and the mobility of its m 
isea and permits an interchange of molecnlea, just ss if e 
i of the molecules in flg. 85 were at each diachaigo jii 
o the sncceeding one. This interchange is not poaaibls, v 
e there a tendency to it in the solid part of the circuit. 
L current mai/ be taken to tignify, apart from all tu] 
i, simply thi pecvluir electric eimditian of the t 
h forma the Hut of ditehargt betvtfen a + ^ 



. of (leelrieity. In like miuinet, vrhea ve epealc of the 
ililection of the cnrrent, we only use a convenient way of 
shewing at wtich end tlia + and — electridtieg nrise, tht 
euTTtnt being aboayi repraented at moving from tlie + lo Die — . 
66, Oripn of Gabxxme Electricity. — It is now generally 
Oilmitted that the ekctro-motiife force, or force maintaining 
the carrent, in the galvanio pair, ia the force of chemical 
affinity acting ot the zinc plate. It must appear, even to 
the most cnisory observer, highly probithle that the seat ot 
the moat itctive change going forward in the pair h likewise 
the seat of its electric energy. It ia found, moreover, 
vhen we tax the galvanic current 'xrith deotro-cheniical or 
dynamical work, that the amount of work done by it ia exactly 
proporlionate to the qnantity of zinc dissolved. These and 
eunilar considerations seam to aipie strongly that galvanic 
action has ita source in chemical action. Yolta, however, and 
several of the most eminent authorities in the science, maintain 
that the clectro-molive foi'ce has its seat at the surface of 
contact of heterogeneous metals, and that chemical action is not 
iLe cause, but the manifestation of it. Tliis viewof the origin 
of galvanic electricitry ia called the contact theonj, as distin- 
goiahed from the clteiaical theory, the one we havo hitherto 
followed. 

67. 37if Contact Theory supposes that at the surfaces of con- 
lAct of two heterogeneous substances an electro-motive force, 
invariable in direction and amount, is generated, and subject 
10 modification only by the resistance offered by the conducting 
circuit. The galvanic pair (fig. 61) is accounted for by tins 
IhecFiy in the following way. Let us suppose, for the sake of 
eiplajiation, that both zinc and copper plates oic connected 
liy copper wires. The seat of electro-motive force is at the 
junction of the copper wire with the zinc. At this point the 
two metals assome opposite electricities, the copper the — t 
and the zinc the + ; and since a. conducting circuit throng 
wires, plates, and liquid is established, these electricities 
travel in opposite directions, and, meeting, neutralise each 
other within the liquid, to give place to succeeding similar 
discharges of electricily. The discharge within the liquid 
■riakca place electrc>lytical)f. Tka iheoiy ist m tlm 



sufficient and condateiit ; but it miiBt be kept in mind;, 
a circuit bo jiyrfectly honiogonecpiis, the source of fore* tiM^l 
. ijlaced anywhere witiiout alterins ita condiUoiia. The ' 
- jBunlAl evidence of tho couEuct theory 
Vraent hke the following ; A piece of ziao ia niiide to toneh 
r Iffuss or copper plate of a. condenser, while the f 
hiiVests on. tlie upper. After the finger and the zinc ore Km 
'E;md the upper plate lifted, the gold leavea diverge with ' 
f Here the mere contact of metala appears to gire rise to 
f lijoity. The + E of the zinc goes to the gronnd, ani 
— £ of the copper is insulated in it, the electro-motire 
['Originating at the surface, where the copper and rase 
r If this experiment were capable only of this inti 
I it would be decisive of the question at issue. It is fg 
I however, that in older to Buuceed well with it the ffa 
I muet he moist, and that no electricity can he obtuned 
\ be conducted in a gas where no free oxygen is present— 
a nitrogen or carbonic add. Hence it appears, Hat 
a the testing experiment of the contact theory, wher« 
i apposed that contact alone can give any explanation, 
• Cfil action, arifiing from the sweat of the fingers and 
I' ef the aic acting on the zinc, is present 

!. FaiBday's esperimental researclies seem to place ' 
L ^Bpute the truth of the chemical theory. We shall here 
■ iwo of his many beautiful experiments iUustrative of- 
■.tnbject, which are of themseWea quite convindng. 

(fig.6e)AandBbe' 
glass vessela m 
ingsulphuretof' 
sium. Two 
plates, P and V, 
put into the feafid . 
and un iron plate 
with a platinum 
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B. To 

plate 
wire p, 
I plate f 



^^^^^Uit G. The siilpbuKt tif pobiMiinin in, for it lirjuiil, 

^^^B uitiduetoT uf (ilodriclty, bnt itt ehmaiially hinctlvc 
^^HLaociaUtl with j'tutiiiuni und irou in n circuit When 
^^^Kes p and / am joined, if on clcutra^inotivR force were 
^^^Ked at th^ snriaDe of contact, all the conditions netfM- 
^^^B a circuit being preaeot, a ciiTmnt would Iw g<'Ticnit«<), 
^^^ftwoold deflect tlie needle ci( tlie ^vanumekr. TUia 
^^^■wever, gives iiot tlie slightest cTidenco of a cUTrent, 
^^^K be interpoBed at the junction of p and/, the galvano- 
^^^■a equally wmffected ; but il' a ^lece of paper moiatcned 
^^^■alphuric acid be placed between the ends of thoM 
^^^Hi decided deflection ensues, and the iron beuomes the 
^^^Be element of a pktiuum'iron pair. We luvc thus 
^^^nre evidence, that the eimple contact of the iron and 
^^^Winnm is unattended by electro-motive force, and that 
^^^■developed only by the diemical action upon the iron 
^^^Bteipcwed liquid. Again, into one of the vessels jilit 
^^^Kto, let two plates, one of copper, the other of «ilrer, 
^^^wed, and let communicatiou be established betnceu 
^^^b&d the galvanometer. The needle at first deflectn 
^^Hf in a direction which ehews that the copper is the 
^^^Hmoit of the piur, it then gradually returns to its 
^^^■Ddtlon, and again deflects in the opposite direction, 
^^^■ig that the silver is now the + element. After 
^^^Kme it returns, and again deflects in the original ditcc- 
^^^Btd goes on thus changing. If the plates be examined 
^^^Hf these changes, it is observed that sulphuret of copper 
^^^ned when tjie copper h +, and Eulpliiiret of silver 
^PlffHhc silver is + ; the alternate action being attri- 
Rotable to the relative condition of the plates when coated 
with their Bulphurets. The electro-motive force of a eilver 
'■(.■pper pair is thus shewn to be not invariable in direction as 
the contact theodats maintain ; but to change its direction 
ivilh the seat of cheroical action. 

fJ9. Ctiemieal conditions of the Oahanie Fair. — We have 
liiifiurto supposed that, in the galvaniu pair, the zinc aloHQ^ 
hud alfinityfov the oiygen of the water, but chemistry tei 
ua tliat copper likewise has the same aiEnity, though 
^j^Ti"i Meaoe we mu£t condode that \lieib an^Lna.'ui& 



aloM^ 



EUECTBicirr. 

copper an electro-motive force acting contratj' to that of ti 
KJnc, and lliat the electro-motive forca of the jmir is i 
ditferenee of tbese opposing forces. Were we to take ti 
aimilar plates of zinc, im^lcid of one of zinc, and tlie otll 
of copper, we shouJ'' Iina Iiave two equal forces tending 
propel two equal airreuls in opposite directions. In this bi 
the ttt'o forces would equilibrate each other, and e' 
and dienucal inaction would lie the conaeqnenco, a conclu 
(^uite in keeping with, eiperiment. It therefore 1 
Decesaarf to couple the zinc with a metal such as copper, t 
oxidflble than itself. In keeping with this theory, it is fon 
that if the zinc be coupled with a metal less oxidable ■) 
than copper, the resultant electro-motive force i 
A pair consisting of zinc and silver gives an eleedicity 
higher tension, and consequently a more powerful ly 
than one of zinc and copper, and one of zinc and platii 
stronger cnrrent still ; silver being less oxidable than c 
and platinnm less than silver. The greater, then, the dispari 
in osidability, or in liability to be affected by the esc"" 
liquid of the metals of the piiir, the greater is its povrw. 

70. Ekatro-ekeraieal Order of the EUmcnta (Oer, 
theory, Spannuitgireihe). — In the galvanic cell we find tbatn 
only the mrtals, but also the elements, of the liquid ti 
opposite electricities. Within the liqnid the isinc i 
the copper — , the o^cygen + and the hydrogen - 
elements have been arranged electroHjhemically approxim 
to the part they play if associated in the galvanic pair, 
may here give the more common elements thus a 
beginning with the most electro-positive, and ending witb t 
least positive or negative — tie arrow marking the d 
of the current within the ceU. 

»- 
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* relative size of the plates associated in paira does 
Btrfhe sent of action, ot chwige the direction of 



SappiHO &Dta thh talilo we wiahml to ftnd I 

I pUtinuffl-iroii jiair imraerBeil in liydrochlorio 

is + ti> I'ktiuum, and hydrogen + to chlorine 

i&e, tiie negative element of the liquid, would accord- 

B discharged ut the dectro-poaitivB iron, and fwroM 

(FeClJ wonld be ttyrmeiL The elect ro-poeitivB 

wonlil be disengaged at the electro- negativa 

The uibetpolia current, consequently, proceed* 

& platinum to the iron. If, however, no chemicid 

r existed between iron and chlorine, no electricity 

le generated, as chemical is essential to galvanic action. 

EL list alone we Mumot predict the result of any 

1 combiiuttioo. The metaU themselves, aa we hava 

frequently change their illative position^ 

g to the action of the liquid in which the; are put, so 

der given is by no means absolute. The anange- 

e metda in the foregoing table is according to theto 

S dilute acids. In diiTeTeut liquids or solntions mctata 

r niter their mutual relatione. Thus, in dilute 

acid, ^ver is — towards lead ; but in a solution of 

if pot^sintn, -|- towards it. In a solution of combion 

a potash, iron is +, copper — ; in ammonia, iron is — , 

r+. 

; Negative protected Inj Iki Poeitivs Flats — tocaf 

n. — The electro-negative plate remains in presence of thff 

e totally unaffected, and more so than if it wera 

y itself in the esciting liquid. Hydrochloric acid, foi 

!, readily attacks iron ; but if a piece of zinc be pnt 

a liquid, and be made to touch it, the iron wiU remain 

i until the zinc haa been first dissolved. "Wherever, 

Km is exposed to corrosive action, it may be pro* 

a it by coupling it with. zinc. This accounts, in 

e, for the durability of iron coated with zinc, or, as 

, 'Gkdvnmsed Iron.' In the same way zinc protects 

n corrosive action. Davy found in his experiment! 

it the copper sheathing of ships from the action of seO' 

" ic protected 160 tiraea its ow 

ed to the copper below i 



veiy reason its efficiency, as morhia shell-fiali and v 
finding it harmless, clung to it, and inipedud tlie motion of tli 
ship. On the other hand, zinc corrodes more readily i 
pieeence of a metal relatively negative to it, and henc«, 2 
ejMmple, the neceesily for using zinc nails for zinc 
instead of iron or copper nails. When pure rinc ia pnt ii 
f dilnte sulphuric add, almost no change ia visible, wit^ 
bffidinary commeruial zinc ia rapidly dissolved Tjj it. ' 
■'•rises, in all probability, from different portions of the li 
i different electric Tclations, arising from 
<ns structure introduced by extraneous Bnibstanci 
■i^vanic pairs are thus established within the metal, asd 
nUraolvea in consequence. If the zinc plate of the pair yi 
HBot ama^amated, loatl action would for this reason b 
^^lacB in it, which, aa it contributed nothing to the uirc 
BBnn'ent, wonld produce a useless waste of the metah Wl 
maiut plate is amalgamated, it becomes more 4- than beftw 
^knd only dissolves when the circtiit is closed. 
t72. QuantityandTermmoftheSlectricityofaCitrrmi^—'a 
B^uantity of the electricity passing in a current, or 
K^ tiie current (Fr, Inteneiti, Ger. SironwMvfte), 
W&rj the power of the current to deflect the 
fcjeedle, by the chemical decomposition it effects, or by fl 
EtBinperatute to which it raises a tvire of given thicki 
MUd material. The strength of the current must not 
fcconfounded with the strength of the cell or battery v 
V^ves rise to it. A battery of lOO cells ia tmdonbtedly 
mtronger electric arrangement than one cell, yet, in certain d 
BtomBtancea, tlie one cell will give rise to as strong a ci 
nthe 100. The force of tlie battery, sometimes called t 
Wtension of the current, is the power which it has t( 
■u current against resistance sucli as that offered by a bad, \ 
ft or thin conductor. TeuBion,Btrictly speaking, is not aproperl 
■idf the cuirent, but of the battery which generates the c<] 
■^ is a statical property (36), and is exhibited (59) by the ins 
^Bwles of the battery. A current of high tension is one 
^b maintained by a battery whose poles exhibit high tensio 
^B^e tension of its poles is a measure of the felectro-moti^ 
^Mice of the electromotor (i. e., any anougemei 



rent, sometimes also iheo- 
9 underatood the power to 
mamlain a current against 
' roaiatance. The electto-motiTe force of any cell oc battery 
mar be measured before the circuit is elosctl, by connecting 
tine wire or — pole with the ground, and the insulaled 
er wire or + pole with a condensing electrometer, and 
^serving the amount of atatical tension — i. c, attraction o 
- .pulsion produced. The tension bo measured gives the 
[iijwer of the arrangejnent to propagate electricity. When 
ihe circuit ia closed, the electro-motiva force is asceTtoined, 
tt already mentioned, by introdncing new resistance into the 
ciicoit, and observing tho effect produced on the atrength of 
the current 2^ ckctro-motitx foTce of the pair ig proportional 
to iht ijiUtiHty of chemical affinity, or tfw farce tending to 
chemieat aetion, the eurrent itrength to the amount of this aoHon 
or qaimtity of avne dinolved in a given (inw, and the resiatanui 
'■ that which prevcnla the former from developing the ' 
"Fviifion, when high, is olao measured by the length of the 

■i.ark. 

73. Greatest current that an eleclramoloT can 6a made to give. 
—The maximum current which any electrnraotar can give, 
:-=foundby connecting the poles by a very good conductor, such 
, I - ji short thick wire of copper, and observing the effect of this 
uire upon a needle. The greater the strength of the current 
is, the greater is the deflection of the needle. Chemical action 
nod heating power cannot here be used os tests of strength, 
OB, in order to pro<Iuce these, considemble resistance must be 
pltced in the circuit, which materially lessens the Gtreng& 
iif the current. The maiimuni cnrrent which a galvaniE pair 
cin give is proportional to its surface. By doubling the ai 
of the plates, we double the amount of current, provided, of 
coarse, the interpolur wire offers little or no resistance. The 
niaiimum current here spoken of has reference to the cell 
u? we find it. It may be poBsible to improve its internal 
[irnmgement, but thnt ia here considered filed. The eloctro- 
tuolive force is not affected by the size of the plates, but, as we 
shall afterwards find, by the number of pairs. Suppose, in 
a of what ha» been said, we hwl twa gauat Oflaa 



xinu-copper and the olhcr a nne-pUtintnn, and Uwt MH 
gave the eiLmi! tnnTim nni carreiit. If the intetpolaT OODMH 
l.ioa be then made by a long thia wiie, tho cuirent ^nldd 
eodi gives will fall oft^ but that of the zinc-copper p«r lUH 
than the other. Thia would be genemUj cspresscd by wfin 
that both pBiia wero of the Bwmo quantity, but of iliriiinJi 
tenBion, the zinc-platinum pair being in that respect tBjl 
stronger. ■ 

74. If an electric current be what we have euppoaed it tl 
be, ft series of molecnles, rapidly dUohaiging into CAofa (tttt| 
we must form the following ideas of its quantity and frniiiM 
If the Eeries of cylinders shewn in Gg. 35 were the me(bvV| 
discharge between an electric machine mid the gn)nii^1H| 
should see sparks occnmng at the small intervals betweoatd 
at a certain rate. If the machine by any means were <B^M 
tn furnish twice ea much electricity as at fliEt, Qie tffn 
would occur twice as quick. Or i^ when tbe madiiapid 
givingolf a double charge, wo had two series of cylindt^M^H 
(^ one, the sparks would follow each other at the sudj^^^l 
at fiist. Tito seriea discboiging at a certain rate do tll^^^^H 
one series discharging twice as (luiok. Similarly, Biin^^^l 
of series would discharge tlie same amount of elaM^^^I 
one, provided the rapidity of discharge of the l*l^^^| 
proportionally greater. A wire may be looked ^^^H 
Eeveral series of molecnles placed side by side, and msHH^H 
according to otur theory,'stand to each other mucb in. the4fl| 
relation as the cylinders just named. Accordingly, we vam 
c:q)ect that a thin wire cah produce as strong a current Hfl 

■ tikk wbe, provided its molecules discbarge as much fwH^ 
^■tfaaii those of the thick wire, as the section of the thick wiM 
Bote greater than that of the tliin wire. The Etrength of flj 
^^BOrrent in this way depends on the number of moleculM n 
^^KesecCionof the wire, and the nnmberof times tbcydiachMM 
^^B a given time. In statical electricity, we found that IM 
^^ftsntity wns got by midtiplying the number of molecolra ■ 
^^■fcface affected, by the tension or force lodged in each. £| 

■ current electricity, we get the quantity much in the «ani 
way, by multiplying b)1 the molecules in the section of tU 
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f Bopidity of ilisclmrge in the latter is EqnivaJnut tu U 

the former. Whenever, in the former, the electric force con- 
centrates, the teiLsion rises ; in the latter, the rapiditj of 
Jiachai^ ia increased. The electro-motive force arising from 
Ibe intensity of chemical affinity is not increased by enlurging 
the plates, as the gtifinity is the same in a large as in a mail 
pbte. Large plates, howerer, by including a larger section of 
liijiiid, lessen the resistance within the cell, and thus iai aid 
die development of chemical action. 

tJnder the aame electro-motive force, the rapidity of dis- 
chaige is lessened when the connecting wire ia long, Irat 
Mediated when it ia thick. The resistance offered by a long 
seiies of molecules must he the snni of the re-'dstances offered 
by each one ; hence, the longer the series, the greater the 
Ksifitance^ Again, one seiies can convey a certain amount 
of electricity with a certmn facility ; another series will 
eoavey as much with the same ; the two will convey twice 
electricity aa easily as one aeries conveys the original 
Or if one he made to convey as much as two, its 
mnat dischai^e twice as faat ; and having twice the 
to do in the some time, will offer twice the resistance, 
the more seiiea we have, or the thicker the wire, the 
does it conduct. 

Oomjianton of the Electric Macliint and the Galvanic Pair. 
following experiment illnstrates the relative charac- 
-lerittics of golvatiiu and fcictional electricity. A Winter's 
machine, such as the two-foot plate described in 
ailide 45, gives readily, when in good order, a spark of 
aelve inches, and canses a visible distorbance of the leaves 
r an electrometer at a distance of twenty feet from it If 
^i:li a machine be made to send a current throngh a 
KKlerately sensible galvanometer in the way described in 
j-ticle 59, it will make the needle deflect one or two 
iLgroes. If a galvanic pair be connected with the same 
^ilvanometer, consisting of very fine iron and copper wires 
.: !iout an eightieth of an inch in diameter, icimeiaed for about 
Ti inch into a few ounces of water contaiiung one drop of 
Nlphuric add, the needle will deflect three or four time* 
Mliat it did before. The electridty of tha ument -jRodnoai ■ 




obtained, 
by ita ti 






le diininutiTe pair is greater ia quantity than that oT 

line, but ita tension is immeasurably smaller. ShuU 

k be mode in the circuit, the powec of the terminal p 

■ to attract or repel is almost inflniteaimal, and < 

Klwtweeu them tbrougb the air cannot be cifected ever 

W nueroscopic distance. Faraday has calculated that i a IT 

r platinum and one of zinc, ^^th of an inch thick, inun 

-(tha q( on inch in irater containing Eulphuric acid il 

proportion of one drop to four ounces, will produce ia' 

Kconds OS great a quantity of electdcity as thirty tarns : 

fifty-inch plate-machine. 

There seems to be Eometbiug discordunt in the results 1 
The electro-motive force of the niochiise, ub t 
1, appears to be enormous, and yet, vritii a 
ce, it barely produces a current. The force of 
s to be low, and yet the resulting current iB '' 
strong. This ariBee from the relative conditions of both h 
entirely differenL In the galvanic pair, no matter how m 
it be, before an iuflnitely amall cirtuit-w 
produce an infinitely strong current- Not 
the quantity of electricity given off appears to be n 
by the circuit-resistance. The conditions of both w< 
picture to ourselves ia this way. Suppose we liad an 
machine turned by a descending weight, aod that a 
or other the resistance of the circuit, the only resist!^ 
ease, was yoked to the plate, one turn of which always | 
the same quantity of electricity to form the curreut; 
small circuit-reaistance the weight would deacaud quic 
and the rapid rotation of the plate would give tlse to a st 
current ; with a la^e resistance, the reverse would be 
. If the weight, which may be taken as the e1 
I force, were free to descend, the rapidity of rotation and at 
uitirely on the resistauce of 
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> of the electric macliinc. High tonsicn is tho 
J of electricity generated in the Cice of great reaistan<?G. 



Uvanic Batteiy and Tarioiia Forms of Cells. 

OalTEiDla Batterr. 
I, When a number of copper and z\a.a pairs, similar 
i already referred to, ure put together, bo that 
e copper plate of one cell is placed in conducting con- 
1 ttith the zinc plate of tlie next, in the manner 
1 fig. 67, they constitute a galvanic battery. Thu 
.irningT?mentmaybelhuaput; ~*'ZLCrZLC~ZLCJLC~*' 
". ^undiog for ztni:, L for liquid, and C for copper ; tlie strokes 
■low f"r die cell-connections, the Btrokea above for the wire- 
■ iiiuectiona. The term Lattery is Bometimes oIki applied ia 
I number of cells acting as one combination, in whoterer way 
: ::(.'}' may be connected, and aometimea even to one cell. 
''ticn the terminal copper and zinc plates (fig. 07) are con- 
''■-ted, the cvirreiit runa froni each copper lo each zinc 




: tatRT Aos pot Bp Bcla in all lespecb i 
le joir, and cooEtitntes a wmpouDd gfibf 
<* Tohak tittwi. If the polar wires lie coimected ■» ' 
***C*^ galnoKKMln', the deflectioD. of the needle cansi 
ihe UoeiT vill be tsxiij the eaniG as that effected ^ 
(4 Ik* edl& provided the wire be thick, and a. good condn 
thar it, tbe ■nsuomn carrent given out by a eingle 
~ A^ti ij aj it Ibe Moae; but if the zinc end be c( 
E^dt Ike Si0*™4 *^ ^ electric tension of the i 
r pok be tested by * condenser and toreion baJ 
« i* EMUid to be ss manj times greater than the tea 
I •( tta SHOE pole of one cell examined ii 

«tb in Ibe ocoulnnstion. Thu^ if two ceUa 
teoiioB i* doubled ; if three, tripled ; and w 
EjV lluft* wilwt />rnf of a batery U then/on 

~ir^caI(t,siippodiig,of umiae, that they ore U 
f,m in the fignre. Hence, when the int 
■«DaiMCli(Hi aSen gK«t re^etance — when it is, for IhbI 
Vvny long and thin wire — the battery boa power to m 

■ « cumntirheii the celt almost f&ils to do bo. The fact: 

■ one cell give* the same mBximnm canent as a battery of 
r inunbu' of cells, enables ns ea^y to ascertain if all th« ^ 

of a. batteiy are in order. Snppose, for instonce, we n' 

O ascertain this far a battery of 100 cella, we take one 

, to nil appearance in good order, and test its effect o 

I needle ttaiugh a piete of thick copper wire; then we 

1 the 100 cells, and teat their combined effect in the 

If both are the «une, then all the cella ore in i 

The effect of the battery cannot possibly, in the ci 

be greater than tliat of any one cell, but it may be leM 

it is so, one or more of the cells in the chain are defeot 

If there is no local action, the qnantity of zinc dissol 

and of hydrogen given off, in each cell or element of 

compound circnit ia exactly eq^ual in amount, as is t 

espected from the perfect homogeneity of every circuit 

The foiir cells in fig. 67, as stated, form a compol 

I voltaic circuit They may be made to form also a 

I circuit. If all the zincs were connected with one wire, 

t all the coppers with another, and the drcuit conplM^ 



(, then the four cells would act in every respect as 

hose platea hail foitr times the earface. A hatterj, 

I the figure, would be suid to Imve a tesaion 

ment; a batteiy, like the one named, a. quantity 

nt 

B electric tension shoold multiply with the number 
:, may be accounted for by the conaideration, that 
>f one polariaing force, there are several, all acting 
ime direction, each one exalting the polarity of the 
H produced by the other. 



Different Forma of tne Galvanic Battery, 
CoWci's piU is ahewn in fig. 68, It conaista of a number 
«f circular plates, each mode np of a plate 
if copper and a plate of zinc soldered 
ti'i.-et!)er, built up, the coppor plates 
iiig one way and the zinc the other, 
Ii compound plalo being separated by 
irtular piece of woollen cloth, moistened 
>itli a solution of common aalt or dilute 
'dphnric acid. In consequence of the 
ptst number of pairs, the electric tenaion 
if the polea of Volta'a pile is eonsiderablp. 
^t furnished with from 60 to 100 plates 
:.ii charge an electroscope without the 
li'lensiug plates. It is from this battery 
, ii. the term 'pDe' is applied to the 
! runic or voltaic battery. Volta used 
'liier form of battery, which be called ■ 
'■oOTi of cupt. This consisted oi 
iuber of cells like those in fig. 62, Jng.flB. 

i^^mged in a cirde, bo that the first and lost were 
:iligoons. 

'S, ZainbcnCs JD>t/ Pile conmsta of Beveral hundreds, and 
,ui times thousands, of discs of paper tinned on one side, 
1 covered with binoKide of manganese on the otlier, put 
.■';ther consecutively, as in Volta's pile, and pkced under 
iwaro in aa iaaalatjng glass tahe dosed mth \itwa ga^ 




ich terve as the poles. Tbe plnGtrie tendon of t6e^ 
illiis arrangement is coosiderable, but tiie stroi^th of d 
wnneat irhicb jesses when the pol» are joined is g 

The most imporUmt application of the Aiy pale if 

the conatructioa of a verr delicate electrometer, wi ' " 
ned alter ita inrentor, Bofttienfarjer'* eiectTomtler, 
truinent the drj pile ia insulated, and its ends ate pi 
conducting connection mth insulated wire^ which t 
it round so na to face each other. The wirus end in i 
which tliua constitute the poles of the p 
liuni^r betw^ien the polea, and turns to t~ 
4tlier according as it ia changed. As we know tl 
ihe polea, yee know at once the niuna of the e 
vMch the leaf is charged, as it must incline 1 
.opposite elei±ricity, 

79. I7k Galvanic Troxigh, introduced by Cruik 




trough (fig. 6!)) iato wliich rertiingular plutes of copper 
like those of Volta'a pile, are fixed, the cells incl« 
between eauh pair being filled with dilute sulphuric 

r Burfoee of the trough is coated with 
substance, 

80. Wiiilaston's Battery. — Each couple of this batterj t 
To) is mode up of a plate of copper, doubled up eo A 
include a plate of zinc, from wliich it is kept apart 
Btrips of wood. Both faces of the zinc are thna 
exposed to chemical and ^'iil vanic action, a deyice by wl 
the qiiatititj- of electric itj|^^Jgeafled. Fig. Tl iheilT 



I wooJeii rod, lij which they i 



1 be lifted or 



1 together. When the battery is put ii 

a IdwbtccI, and tbu five couples are imsicrEed in five 

IB filled with dilute sulphuric acid (1 of tho acid to IS 

When out of aution, the whole is lifted and fixed 




iiimJing screws to the tn'O Bupporting piUftis. When tho 
iiilier of pairs is staail, as in the figure, it is of little 
:i-e(jiience whether one lai^ trough or five small ones be 

^1. Sjaee's Batkr;i.-—ln Smce's couple, the position of the 

'■■itm of WoUaston'fl couple is reversed. It consiata of a 
itir pkte, with a zinc plate on cither aide, kept separated 
Lu it by slips of wood, the two zinc plates being 
ti.ned by a coupling. There are thus two + plates 

I iiie — , instead of two — to one +, us in Wollaston'a 
iijile. The anc plate has not thus to be so often 

iJLiived as in Wollaston's battery. The silver plate is platin- 
il— that is, oovL'red over with finely-divided platinum 
-mid tliia is found to lessen the adhesion of the hydrogen 

ilii>les to the plate, thereby greatly iuiproving tho constancy 
. liie action. Staee's battery has the same airangenient.as 



82. Grove's Gae Baffery.— This liattery b uiorn inteiidej'' 
iustructiun ihan use. One uf its celld is abewn in fig. 
iito the two outec necka of a threE-necked bottle, two ^ 
h tabes are fitted by means of corks through irhich tlt^ pi 
I' £Boh of these tubes is open below, and a. platinum wire Bid 
ft them hermetically above, to whicli u lung strip of platii 
[•'BOldeied, extending nearly to the bottom, of the tube, Xi 
\ enpB, containing mercury, stand at tbe upper ends of fl 
I' wires. Tbe whole apparatus ia filled with slightly acid ifl 
r and the poles of a. galvanic battery are placed in tbe 1 
f icupa. Water ia thereby decomposed ; oiygen forms ib ' 
i one tube and hydrogen in the other. When tbe batte^'vf 

are removed, no change takes place till metallic C' 
I established between the cupa, and the oxjgen an 

gradually disappear, attended ly^ 
electric current wluch passes fonD 
oiygen to tbe hydrogen. WhennA< 
of these aro put tether in a Iiv^ 
the connection bdng always OITI^ 
hydrogen, they can decompose ^M 
The most important fact illustnted 
Grove's battery is, that tbe oxj^en I 
hydrogen, liberated by galvanic ofgit 
when left to themselves, prodiu 
current the opposite to that ill 
separated them. When the polo* 
the deoorapoaing battery were in 
mercury cups, hydrogen is giren 
at the — , and oxygen at tha 
pole ; and as opposite electrid 
attract, it ia manifest that the b 




gen 






When the ti 
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tbat wbece oxy^ini or byilroRcn is act free at any point 
auio cirvnit, lliey will tuml tu »uii<l a. cniintei'-curroot. 
dcaicy is called galvanic polarisatiim. This accouJiU 
tot, tb»t no aingle gulvunk pair can decompoBa wal^r, 
bene generated ia no greater than tbu foTC<! uf tlic 
at that would be prodaced by the Uhented giuM, 
ocells produce an JDa^nificant effect. Qalvanic polor- 
* 10 scconnta for the eadden fiilUaR off in strength in 
is couples where hydiug(» ia net free at the ncgotiTO 
Fhe babbles of tiie ga« adhering to the plate, not only 
X mabcA of contact between the pkte and the liqnid, 
' an olectro-DJotive force coatniry to that of the pair, 

goes on increasing until the action becomes greatly 
In all improved forms of the pair, it therefore 

necedBory tu adopt some meatiA of preventing the 
ament of hydrogen at the negative plate, and this 

in all comCcmt baticriei by employing two fluiils 
if PTM. The best known constant butteries me those 
U, Qnvt, and Btinsen. 



—A cell of this buUisTy ia ahwn 



b tangant ™jv„„ ^ ""e nnu )„ ., ' '' and dilate « 

■ "" Mlion i, V; "" ■•»« Point f„ . "" ""nit a, 

■ "* a. .i«rrz?ff ' «>") 0/ tte .r* """aoi^ 

■ !»""• ".a £'' °' "» w, « J?" '«"■ MJ ^ 



tfi 



;I1 ia freqcciill^ also ptw*d inaiile the porom vcunl, 

iiiuiii ia Grovu's tell. A LuiUry of iJaiuuU's colU 

n tlie nauul wuy. 
b4. Grove's Battery cobmsU of platinmn-^c couples. Fig; 
TB eliews an excellunt Htrauijeiiibiit uf a cell uf il. Tlie outer 
ixU of gloss, ft, ia filled with ililul« aiilpliuric acid (1 part of 
odd to 8 of water), in whicli a cylindiicnl plate of /iiic, a, is 
nntnerBed. Inside tlie Kino ia a porous cell, d, containing 
iioncentrated nitric acid and the platioiuu plate, y, wldcli 




fit. 7S. 



ng TS 



hent into the form of an S (fig. 76), to inciease ifa Burfaco. 
(irove'a couple is very much superior in power to any of tha 
prceeding, though it is inferior in constancy to Doniell's. 
When the poles are joined, sulphate of ziuc is formed ii 
I'Utcr cell, and the heavy brown gas, peroxide of nitrogen 
'NjOj), ie given off by the nitric acid. As this goa ia injurious 
:r- the health when breathed for any time,, the porous cell is 
I I'jsed with a stopper of wood to prevent or lessen its escape 
ilie Ctuineetion between the exterior and the platinum plaU 
^g made by a atrip of metal passing through the wood, 
i diemical action of Grove's couple may be si 
y as Daniell'fl, lating anhydrous nitrio |f 
I ot the pejojtide of pitar 



diadiarge, the molecalce stand thns, beginning 1 

iiiim : Pf, Nfi^ NAiO I'H^i H^4, Zn ; 

PtTN^, 0^, OI^Ha Sd^^Ha SOiJZi. The 

nitrogen discharged at the platinum plate is ah 

nitric acid, tn which it is soluble, so that the pL 

The resulting solution is Wghly conducliug. 

of nitrogen aoon spoutoaeousEj separates trtaa i 

giving rise la the dark-broim vapour already me 

ccUb (if a Qrove'fl hatteiy are connected with the 

the une to the zine of the other. 

85. Bimsm's Baitery. — Buasca's cell haa the same c 

^'Iwtion as Grove's, the pbtinum hsing replaced by 

P'There are two fonnH of the cell — the one invented 

•■employed by Profeasor Buubcd, and generally adopted 

1 (Jewaany ; and the modifiention introduced by 

I generally found in. England and Fiance. The Bnneeii C 

1 propGcIy eo called, has a cotbon cylinder immersed ta ni 

■ odd, and the porous cell containing the dnc and nilphi 

Ksdd placed within it. Fig. 77 rcpreseuta a battery of f 



mm. 



I CfiUHi Bhewing how the different cells are connected ; g 

•■^linder ; d, the por* 
^ of the Bunaen «ell 



tft cdH. Bonsen'e battofy. in point nf cbeapDeBii, is p 

9 to GrOTo's, where the platinum forais an uipetuiivj 
I jnferiur to it ill 




I Cok*. — The carbons 
'abattetyaremadchy t 
B invented by Bimscn. [ 
dust of coke ami 1 
ol is put into a close 1 
(loftheshaperequiivd 

cafbon, and exposed ti > 
»t of u tiivance. Wlit)! 

I out, the burned mas» 1:4 

1 unfit for me, lii 

I iqieatedly soaking it i 

; gas tor, an<i 

; it, it at length acquires Fig. 7S. 

eoUdity and con- 

■ power. The carbon that fomu on the roof of gi 

\b harder and better than the carbon thus made, but it 

It to work, and the supply of it is liiiiiteil 

tyaratiiK EUctro-matine Forces of different CcHs.^Takhig 

'a remilta, and expressing theni in the electro-chenucal 

aids mentioned (96), the following nnmliera give 

electro-motive forces of the different tells ; 

eai'g, 16-45 j Grove's, 10-05 ; Daniell's, 967 ; Wollaston's, 

TSe, does not tell us the maumtim current 

m each, for to determine that the sixc of tho 

>, their neunesa, and the liquid resistance ^dthin tha 

be also taken into account The resistances 

1 the cells for like Burfaces foe Darnell's and Qrovc'i 
iriea Lave been varionsly estimated. Some give tliS 

~ eirs M ax timea, othera two times greate! 
1 Grove's. In Wollaston's cell the resistance i; 

f small from the absence of the parous cell, whii'U 

r oousiderable resistance. 

t Battery. — Instead of platinum, iron may be used 
It equally good result in Grove's " ~ 

~ MsBiaiOit. aoA does not taccnnB 4 



idilute nitric auid the iron is violently atttwifce^ In 1 

electro-ulieraioaJ talile, iron atands luuck inferior to pts& 
1 electro-negative iiiotal. Its uee in. tlio iron bs 
^ependa on its becoming highly electto-negative in -cat 
ftated nitric acid, or assuming, aa it is calletl, ft pOBgive Oi 
tion. The painvity of iTon can bo produced in vaiioiu it 
It becomes ao when dipped in concentruted nitric acid, k 
lieoted in air or oxygen till it chongea culonr, or whe 
>jbrma the + pole in the decomposition of water, wliere a 
Seed oxygeii acts on it Paamvo iron siuffera ni 
'$liite nitric odd, which powerfully corrodes uctive 

n. The passivi^ of iron ia attributed to the fonnation. 

surface of a. veiy thin layer of oxide, which is inaolii 
Mitrio acid, and electro-negative compared with active i 
~ "re iron can be maJe active by being rubbed witU 81 
paper, or heated in hydrogen gas. If in the iron battt 
filled with dilute acid there be any part not passive, t 
[tart forma a pair with the passive part, and rapidly disaolv 
When, the acid is conceutiated, however, the surface ia It 
constantly passive. 



Measurers of Current Strength. 

87. The two powers uf the galvanic current liy wIudIl,: 
strength ia most conveniently measured arc, its ponw 
ideflect the mugiietio needle, and to effect cheraicaLdeg 
JositioD, To measure one or other of tlioae is tliu objeiit < 
mlvunometec or voltameter. A magnetic galvanometei a1 
-the strength of the current by the amount of the deflective 
jQie needle, and shews its direction by the way in wliid^ 
jeflecto. The manner in which a needle slionUl turn ** 
jofliienced by a current \i cosily kept in mitul by Ampa 
Sule : Svppoie the diminutiiK figure of a mail, to bt plattd M 
Direuit, so that tki turrent ihall enter by Imfeet arid [m(to1| 
he hoh with hii face to iha needle, ilt rwrtjb^ 
■ttbeaya turns U> his left. The deflecting v " 
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88. The Astatic Galvanometer, also called simply Galvan- 
ometer (Ger. MuUiplioator), is used either simply as a galvan- 
oscope, to discover the existence of a current, or as a measurer 
of the strengths of weak currents. When a needle is placed 
under a straight wire, through which a current passes, it 
deflects to a certain extent, and when the wire is bent, so as 
also to pass below the needle, it deflects still more. Tliis is 
easily understood from the above rule. The supposed figure 
has to look down to the needle when in the upper wire, and 
to look up to it in the lower wire, so that his left hand is 
tamed in different ways in the two positions. The current in 
the upper and the lower wire moves in opposite directions, 
thus changing in the same way as the figure ; and the deflec- 
tion caused by both wires is in the same direction. By thus 
doubling the wire, we double the deflecting force. If the 
wire, instead of making only one such circuit round the 
needle, were to make two, the force woidd be again doubled, 
and if several, the force (leaving out of account the weakening 
of the current caused by the additional length of the wire) 
would be increased in proportion. If the circuits of the wire 
be 80 multiplied as to form a coil, this force would be enor- 
mously increased. Two needles, as nearly the same as 
possible, placed parallel to each other, with their poles in 
opposite ways, as shewn in fig. 79, and suspended, so as to 
move freely, by a thread without twist, have little tendency 
to place themselves in the magnetic meridian, for the one 
would move in a contrary direction to the other. If they 
were exactly of the same power, they would remain indiffer- 
ently in any position. They cannot, however, be so accurately 
paired as this, so that they always take up a fixed position, 
.arising from the one being 

\ somewhat stronger than the 

' other. This position is some- 
times in the magnetic meridian, - — 
sometimes not, according as the 
needles are less or more per- - 

L fectly matched, and their axes Fig. 79. 

iTlie in the same vertical plane. 

j-;0ach a compound needle is called aBiaiic^i as it sfewaii^ «^^sX. 





astatic needle be placed in a, toil, aa in fig, 60, bo Q 
lower needle be within the coil aad the iipp«r ods aboi 
its lieiiedionB will be moi'e considerabk tliaa a uinple M 
n the first place, the power ■which keqi 
needle in its fised position is BnutU, and the needle is e 
qauntly more easily influenced ; in the second place, the 
of the coil ie exeited in. the same direction oo two oi 
', for the upper needle being much aeati 
upper part of the coil than the lower, is deflected alone ! 
Olid the deflectiou ia in the some direction as that of the I 
needle. An astAtic needle ao placed in a coil constitnl 
uEtatic galvanometer. One of these instrnmsitB is sbel 
%. 60. Bound an' 
bobbin, AB, a atSl d 
copper wire, Mri 
insulated with ail 
wound, its ends '' 
connected with the 

astatic needle ia i 
in the bobbin, i^ 
provided with, a ti 
slit to admit tlie 
needle, and a 1 
slit to allow of its 
lations, and is satp 
by a cQcooa th»* 
1 hook snppoited 
brass frame. Tie ' 
needle movee on k 
natcd circle ; the 
pound needle ' 

freely witbont touching the bobbin. The whole is iii< 
, and rests on ft stand, supported \>y 

levelling acrews. "When used, the bobbin is turned rop 
iw, Q, until (he needle stands at the zero-point 

ihe wins flaaWRb which the (^rrent is sent a»e fixed ' 
I number oi 




Fig. 80. 




I may thai be reail off. 

!UDg place, the difltireiit poitioiia of the ecQ axt diiief- 
' £itnat«d with respect to the needle from vtat thtj am 
I ; the deflecting force of the ctA, iheletdre, diflen wiih 
! position of the needle, en that the deflections canted hf 
different correiits ate not in the ptoportion of the an^es of 
deviation, or their fimcticn)? ; up to frcon 15° to 20*, it is 
firuud Ibr most instnimenla that the Etrength of the corrent is 
proportional la the angle of deviation ; be^bod that, the 
relations of strength indicated \iy diifeicnt angles most be 
ascertained expennientoilf , wliich can be done with the aid of 
a Ibenno-electnc pile. 

89, Tangent GalvatunruUr. — This instrament is eheim in 
%81. It ccmsista esseutiallj of a thick etrip of copper, bent 
"ilfl Iha form of a circle, from one 
I' tn'ofeetia diameter, with a. small 
M^Tietic needle, morin™ on a gra* 
'imied circle, at its centre. When 
■needle is small compared witli 
it may be assumed that 
in any direction it lies 
lame relative position to 
rbing power of the ring. 
p-lxingthe case, the ttrongths of 
eiroMiTtg i» the ring are 
(7m tanigenls of the 
tof deviation of the naidU. Fig, 
ESsbcm how this is proved. Let 
MU be the magnetic meridian, or 
:U plane of the ring NS the needle, 
' iJie horizontal magnetic force of 
:ir- earthaetingparaliel tothemeri- 
in, C the force of the current in 
" ting acting petpendiculor to 
■:iAe of deflection of the needle, AT,'M'. T, represented 
V line ON, and C by BN, muet be resolved each into two 
^i.ee acting in a line with, and perpendicnlar to, the 
...idle, T is resolvud into ND and NE, and C into NO 
..il AN, The _perpendicular parts, GN aiii "Sli, ■nv\Bft.\ft 





3 meridian, and d the 



I equal to each other if the needle is at reat, for they a 

\ determine the turning of thu needle. The other parts e 

leutraliaed by tlie oppoaite forces at the other end. 




CDS. d, and ND is T sin. d; and these beii 
I equal, it follows that C = T tan. i. Aa T may be tafeni 
I constant at the same paint on the earth's snrtace, tha t 

\s with tan. d. Thus, if the deflection caused by a 
Lgnlvanio couple was 45°, and of another 60°, the re" 
I itrengtha of the currents sent by each would he oa the ta 
I of 45° to the tangent of 60°— viz., as 1 to 1-73. The r 
tr be deflected 90°, for as the tangent of 90° is iitpi 
!, the strength of the deviating currant must he inflnit 
a strength manifestly nnattainoble. Tbe tangent (! 
eter can consequently be used to measure the Strang 
snrrenta. One great advantage attending its use is, that i 
in passing through the thick copper vnie, experidd 
.0 resistance, and consequent diminntioa of etteila 
} that it can measure a current without affecting it ^ 
IWrengths of the currents here got are simply relative. 
I Article 132, we shall find that when the horizontal intensiQ 
I the earth's magnetism at the place of ahaervation is knoi 
I 'the indications of the tangent galvanometer give the streng 
n absolute electro-magnetic nnits. The determination Hf ) 
P liorizontal intenaity requires care and skill. By coupHi^l 
V indications of the galvanometer with those of the voltamed 
a shewn in the next paragraph, we have an easier wi^ 
aching absolute results in electro-chemical iinitB. 

'. Volta'nuteT. — This was invented by Faraday for't 
^ the fltmi^th of a cnrrent. Fig. 83 shevi b/jfrit 



:e placei! in a bottle coTitaining Wfttdr ncidiilnted will 

ic acid; thcplatea are Boldered to wiwB wliicli jioiis Up 

agh the cork of the bottle ; binding sctcwB nru attached M 
n ends of these yriici ; a glasa tube fixed into the c 





FIg.N. 

Wtree to lUschorge the gas formed within. When the binding 
' Mrewa are connected with the polesi of a battery, the watct 
in the bottle begina to be decomposed, and hydrogen a 
osygeji rise to the anrface. If, now, the outer end of th^ 
.liacharging tube be phiced in a trough of mercury (nii 
does not dissolve the gases), and a graduated tube (fig. 84) 
likewise tilled with mercury, be placed over it, the combiflM 
i;agw rise into the tube, and the qaantUii of gas given off ii 
?i»ew time ■mcaswret (he strtagth of the cmrtjit. Tho u 
euTfent may be taken as one which is ca,pable of giving ol 
uue cubic cenlLmetre of gas per minute. Tlio voltametej 
choDBGB as a test the work which the current can actually 
perform, and establishes a uniform standard of comparison, 
llie indicutions of the tangent galvanometer, aa taken above^ 
nil; .'.iiiuparable only with its own ; but the quantity of gas 
<ii 's I:.!! ,;iil by the voltameter, corrected for pressure ant 
i^'iij" M^iire, is something quite absolute. However, by 
I iLUjj;!.!!!!^' the indications of both inatrnmenta with each 
uilier when placed in the same circuit, an nbsolnte elandai 
-■luiy likewise he got for the tangent galvanometer. If, i 



centimetres in. a minute, aa shewn by ttkC V 
produceJ. at the Hame time a deflection of *>' ja the g 
ometer, the ratio of 60 tu the tangent of 45° — viz., 61) 
60, i3 coastaut, foe conect raeasoremeuta of the Btten 
currents, howerer token, mmt hear to each other a « 
ifttjo. If the angle of deviation for another current 1 
we have therefore only to multiply GO by the tangent i 
to aacertoin the amount of gaa that would h« libentei 
current of that Eti'ength in a minute. Thua, let a = qi 
of gaa with a current deflacting the needle 30°, Qiea 



, therefore jt =; 60 tan. 30" = 34-« 



tan. 30° _ t«D. 30 , 
tan. 45°' 

centimetres of gas per minute. We are not to oondtK 
the electromotor that gives off this cunent would be I 
effect BO much decomposition in the voltameter j tret ' 
told that if it could send through, it a cmrent of 30 
would ba the amount of expIoaiTe gaa ; or rather, i 
voltameter through which a current of 30°, according ; 
particular galvanometer, is passing, the chcmiutl deeo 
Uon equals 346 cubic centimetres per minute — a. p« 
general measure. This found, wB know the meanai 
deflection of 30° of the galvanometer in question in a pe 
comparable standard. The plates of the voltameter n 
EmaU, for whcu they are hirge, a, small quantity of ele< 
is found to pass without decomposing the water. It is 
also, that a minute quantity of the oxygen forma penn 
hydrogen (H/y with the water, and reaitdns in solut 
that when very great accuracy is required the hydrogei 
ought to bo measured. 



PI. Tt 



noes to the Current— Ohm's Law. 

BesiBtaooea to Uie Coirent. 
- foHml Ihttt the diineriBioTis nml material of m 



iLplnded in tho ciceuit eseivise nii importMifc 

the Btrength of the cnrraut It is of thi 

I jrtaate to nscertain the rdalivo MOimiit oi 

:■ offered by fonductora of varioua forma and 

tc A rhe rhtoilat, niTeuted by Wheutatonc, U gcncriklljr 

mploved for lliia purpose, and for tliia olg'oct ia ronatriictcd 



I ntroduce into, 



T withdraw 

mt of highly 

fi'om, the circuit 

1 1 ing the current. It 

a hg. 85. Two tylin- 

aboiit 6 inchuB iu 

I i; inch in diameter, 

1 I irallel to csoli other, 

orable round their 

i of 



I^P 



i a. One of them, C, 
Irais tl other, 0, ia of weli- 
Ined w od The wooden cylinder has a Bpiral groove 

n ul n forty torna to the inch, in whioh is placed a fina 

U e One end of the wire is fiied to a hraaa ring, 

IV I I n in the figure at the further end of the wooden 

liul nd its other end ia attached to the nearer end (not 

seen in the figure) of the brass cylinder, C The brass ring 

jufil mentioned is connected with the binding screw, S, hy a 

strong metal spring. The further end of the cylinder C haa 

a sniikr connection with the binding screw, S'. The key, H, 

fits the projecting staple of either cylinder, and can 

qiiontly turn both. As the braEs cylinder, C, is turned ii 

BSXM direction as the hands of a watch, it uncoils the 

l^iiiOin the wooden cylinder, C, m nliiTii; it thereby revolve 

« way. "When the wooden cylinder ia turned 

le lunds of a watch, the reverse takes place. The 

it ghewn by a tola glacad \aeCTiwgi. 



nod the fraction of a. reTolution is ahewn b; a pointormangl 

on the graJaated circle, P. When the binding bi 

8', are included within a circuit, saj S with the +, mi 

8' with the — pole, tlia current paaaea along tha win, U 

the wooden cylinder, 0, till it comes lo the point wlieg 

the wire crosses to the htosa cylinder, C ; it then pafsu q 

the cylinder C to the spring and binding screw, S'. 1^1 

resistance it eocountera within, the rheostat is met onl; I 

wire, for aa soon as it reaches the large cylinder, C, the n ' " 

once it encounters up to S' may bo considered n 

When the rheostat is to be used, the whole of the v 

wound ou the wooden cylinder, C, the binding screws oK B 

into the circuit of a constant cell or battery along with a n 

vanometer, astatic or tangent. If, now, the resistances of ^ 

L^iviies are to he tested, the galvanometer is read befbro the tb 

BJl put in the circuit, Aiter it is introduced, in conaeqnM 

t the increased resistance offered by it, Ihe needle falls haf 

d then as much of the rheostat wire is unwound as will hoj 

e needle back to it^ former place. The quantity ot wi 

a uncoOed in the rheostat is shewn by the soalea, am' 

jmifestly equal in resisting power to the introduced n 

s first is then removed, the rheostat readjusted, tmd 

wire included, and the same unwinding goes oO; 

To fix our ideoi^, let the quantity of wire iinwonndi 

t case be 40 inches, aud in the second case 

P inches of the rheostat wire offer as much resistance to H 

s the first wire, and 60 inches of it as much OB 
bond. We have thus 40 to 60 as the ratio of the resistal 
§ the two wires. The wire of the rheostat, from its lim 
h, con only be comparable with email resistances j 
e great resistances ore to be meaaiu^d, large bobbina 
nlttted wire called rsn$tance coils, whose resistancM h 
led, are introduced into the circuity or temi 
. it, as occasion requires, leaving to the rheostat b 
■^t were, only the fractional readings. 

92. The gencnil principles of the construction of a 
being understood, it will be easily understood how the folloil 
ing I'CBulls h™^een ascertained. It ia proved, for ii 
that tii^^^^^^^ KiTa o/^iMVina(ei'M< 



^^■t^ ttTtin the direct ratio n/ their Unijtlut. and in the vr- 
^^^mvUa of the sjimres of llunr iluiinelcrt. Thus a wire of 
^^^Htin length often twice thi; resistanco of its hnlf, thrice of 
^^^Kd, and ao forth. A^n, wires of the mme luelal, whose 
^^^Bers Btanil in tUe ratio of I, S, 3, &c, offer reeietoncot 
^^B stand to eouh other oa 1, 1, \, kc ; therefore, the longer 
^^Hre the greater the resistance, the thicker the wire the 
^^^Ha lesistanee. The Muiie holds tme of liquids, but not 
^^^&e nune exactness. For tliia reoion, the Ltrgei the plat«s 
^^^Bedvanic pair, and the nearer they are pkced to each 
^^^Khe leBB will he the resiataDoe oOUred to the current hj 
^^Hlervening liquid. The following table, congtructcd by 
^^^Bequerel, gives the ipiciflc ruUlanea of some of the more 
^^^Hn sabatoitces, or the resistaDce which a wire of them, so 
^^^Hik, of tbo some dimeneions offers at the tcniperatuie 
^^^p Copper, X; aUver, '9; gold, 1-4; zinc, 3'7 ; tin, 6-6; 
^^B-S; lead, 11 ; platinum, 11-3; mercury (at 57°), BO'7. 
^^^Boids, the resistances are enormous aa compared with the 
^^^E With copper at 32° F. as 1, the following liquids 
^^^Htans : Saturated solntion of the sulphate of copper at 
^^K 19,866,520 ; ditto of chloride of sodium at 56° F., 
^^■38 ; sulphate of itinc, 15,961,267 ; sulphuric acid, diluted 
^^Kt 69° F., 1,032,020 ; nitric acid at 65° F., 976,000 ; dis- 
^^■ratCT at 59° F., 6,754,208,000. 

^^^Bcb be the resistance of distilled water, which is a con- 
^^^H for Mctional electricity, how iticoncci?ahly great in 
^^^^■nBon mi^ he the resistunce of thoae substances whicli 
^^^Bt-eonductors to it. 

^^^BTTm conAiKting poioer of a substance is inversely pro- 
^^^Bal to its TcsiBtiiig power, the more it resists tho worse 
^^^HnctB. The list just given therefore gives inversely the 
^^^■^I^; power of the substances mentioned, so that taking 
^^^Bducting power of silver as 100, we get that of each of 
^^^Bier iubstancea 1>y dividing 90 by the resistance of that 
^^^B Instead of giving Becqnerel's conducting table, we 
^^^^ve Mathiessen's morerecait determinations (1858). In 
Tnc following table the first column gives the condnoU 
power of the metals for electricity according ti 



eoTdicg to Wiedemimn — direr, tile standard, Idij 
CosEuumio Powmi or Mwals. 



J Copper, 
I Sold, . 
I Bodiam, 



1 mn, 









maty. 






100 


100 




77-i 






6B-a 


63-2 




S7-i 






33-8 






a7'4 






20'8 
Hi 


ll-B 


1 


U-i 


15 





GaaCoke. 
BuDECD Coke. 



-03fi 






The different determinations of the conductivity of n 
I -agree generally as to order, but differ as to precise mia 
I "Ilus arises from the difficulty of getting metala in tlie 

i of pnrily or haidne^s. The slightest admixtoK (if 
ign metnl niters the conducting power dewdedly ; i 
[ -cent, of iron in copper wire increases the resistance more ti 

SG per cent, and a trace of arsenic 66 per cei 

■ lus fonnd that the relative conductiiig powers of the 

'inple metals remain thd tame at temperatures hetweea 

a 100° C. Metals at 100° C, compared with thc>nudT« 

C, lose about 30 per cent, of conducting power. In 

Q only, it is 38 per cent. Annealing improveat 

P'dncting power. Glorman silver is well adapted to resiati 

DoUs, hecanseof its specific resistance, and because its 
t ing power ia affected to a slight extent (4 per ceoL) 

1° and 100° C. Non-m.etalIic substances generally imj 
f in conductivity as they rise in temperature, 

94. Umt of JtMi«(on«.— Variona unita of resistanea 
L been suggested, such as a certaiu length of copper or < 
~ e of a certain thickness, but the ditjiculty in all eadb. 



I, that specimei 
IT structure, bo that the . 
1 another. 



of wire are seldom found of the same p 



■.salts ir 






J it, bave agreed upon an ideal abaolute 

1, which, according to the perCection of the means of 

1, they will he able luatemlly to expreea. This is 

B. A. Unit of Toistance 1S64, or t(» Ohmad (trom. 

. The following tahle wiU give an idea of ita ph^oal 

according to preeent means of realising it. It is 

n B, A. imitB ; 

Jnit (1861.)— A velocity of 10,000,000 metrea > j.ggg^ . 

'a Unit — A column of pnre roercuij. 1 metre ) n-a'ai 
lad 1 square mimmotrB in MCtion nt 0' C. " "•'"'^ 

Crbaps mora corrMtlj of a oertain eojjper wire), f 25'61 
■' of nn inoh in diameter (So, 16 wire), at SO' P„ ) 
'b Unit.— Oqo feilomotra of iron wire, i -011111- I g.^gg 

ft-foUoving DnitH aro used bj Torioua obserrerH. 
■• ■ 'oe in B. A. Unita is determined by Dr 

a {Phil. Mag. 1866) : 

' C„ of 1 metre lanEtb, and 1 millimetre 

of— 

SQTer (pore, annealed) O'OISST 

, Copp«T {pars, annealed), .... 0-02057 

" " ji BUvet (preased) 0-2096 

to Mathieaaen'a an^estioii, the B. A. unit la 
a plafinum-fiilTer alloy, containing 60'6 pet cent. 
r, whose conducting power is 6-7, and loses only 3-1 
f conducting power from 1° to 100° C. It haa, 
r, this advantage, that it doea not, as Oormon ailvei 
3 doe?, alter ita conducting power after long use. 
^eated heatings caused by the passage of the cucrent 
" B wire, and lessen its resisting power, hut this 
rt affect the alloy in qnestion. Copies of the B. A. unit 
re of this alloy are issued hy the Kew Observatoty. 

Ohm's Law. 

^ Ohnis Lav. — This law is singularly in accordance with 
lental resnlta. It aaaumes that the electro-motive force 
icular galvanic pair is constant, and that the strength 
Lt it producea ia the quotient which results from 
t liy t^^ reaistonce of th&- uicuit. Tbi& ' 



ELECTHiaTT. 

iB from two sources; Uia first being the redstasee 
e cell offered by tiie exciting liquid, and the eecond 
Linttrpolar tesistaiicc^ If e repreaent the electro-motive fei 
r'4 the I'eaistaiice witiin the cell; lo, the interpolt 
I ,*nd S, the strength, of the current, or the quantity of |] 
I iiicity actually tTansmitted, the stat^inient of the law far I 
k couple atanda thus : S = . ■ The application of the ] 

pin a, few particulitr cases will beat illastrate its meaniof 
e the number of cells to ii, we increase the eled 
lanotive force n times, and at the same time we increase 
I liquid reaiBtonce n times, for the current has n times as m 
7 be email comM 



3 travel, then S = 



lti + 10 






nth «U— that is, if the external connection t 

8iort thick wire — it may be neglected, and so S = -j*« 

9 shews that one cell gives in these circomstanctt'l 
verful a current as a large battery, and that the increi 
motive force ia o:cpended in pushing the cua 
1 the liquid in each celL But if nl be small n 
ject to UJ — aa in the interpolor circuit of on elee 
Begiapli batteiy — nl may be neglected, and S = — . B 

n that the eneigy of the current increases directly, 
iber of cells. We may learn from the same tliat t 
Ction of the coil of long thin wire of a galva 
such a circuit, introducing but a comparatively « 
e of resistance, causes a veiy slight dimiuutiDii of ^ 
BjCtirrent strength. If, again, wu increase the sikb of the plal 
a pair n times, the Eection of the liquid is |>n)Pl 
ftionately increafied, so that whilst the electro-motive t 
M'Stmaiia the same, the cell redstance dimintahes n t 



! + «)' 



rS = 



t + n 



If the exterior K 



WAppUeatieK of Ohm'* Law.— To applj Ohm's law 
'* , wc must havt; eutue means of measuring the 
a current S, ami the reaiBlanies [ and w. Tlwso 
1, we bavc data sufficient Uj detennine f. The inOru- 
( which Berve for this object, olrEody described, are the 
t galvtmoweter and rheostat If we are coDteut«d 
lutive lesults, the aimple tndlcatiouB of the galvono- 
1 the resistance oifered lijr any length (lixed on g« 
f the wire we use for the rheostat, will serro our 
But if we wish absolute resolls, wu must, in the 
ice, mclade our galvanometer and a Toltameter in ■ 
}t ceventl cells, and compare the indication nf the needle 
le cubia centimetres of gas given off by the voltameter 
te (90). In the instniment that we use let the voila- 
e off 30 cubic centimetres, while the needle indicates 
>n of SGJ" {tangent = "5 or i nearly). By simple prt>- 
re find that if. it gives off 30 cubic centimetres at 
ill give off at 45° (tangent = 1) 60 cubic centimetres. 
less the indicationa of our tangent galvanometer on an 
i standard of measure of gas, we have therefore to 
' 60 by the tangent of the angle it may indicate. 
i second place, we must ascertain what length of the 
esponds to a well-known unit of resistance, 
IB B. A. unit Thua furnished with ai 
ent and resistanx^, we may take a 
! tliat which COIN, gtTieratt oi 
r 'oUwiU in a circuit of a B. A. «i 
I connected the poles of the cell I 
! galvanometer by short thick wii 
interpolor resistance may be left out of ace 
angle to be SIJ" (tangent = 1-E5). The strength of maximui: 
current is 60 x tan. 51^ = BO cubic centimetres of gas. 
1 lii.Iude now one unit of the rheostat wire into the circuit, 
, ..■ angle falls to 12i° (timgmt = -32 - 1). ITie strength of 
n; current is now 60 X ton. 12i° = 13J. In tlie first case, i 

a, is nothing, therefore 80 = -i ; in the 

From these two equations, it follows 



n absolute n 

of clectro- 

! cubic ceiitimUre 

t of Temlanct. 

be examined 

i (so that the 

mt), we find the 



that I, the liquid resistance irithin the cell, is ■3, ot ^ 4) 

S. A. unit, and thitt e, the clectio-motive force, is 16— tlol^ 
circuit whose lesiatance is one unit, the electn^aoU! 
I iorue would he able to diseDgage 16 cubic ceatimetKi nt g 
r minute. The some might he found for a hiMaj 
I Mveral cells ia the same way, only more resistance mtul 
I incloded in the circuit to reach accurate resulu. 

low that we have nine cells similar to iJiB on* jl 
I di&cuseed. Let us, for the sake of simplicity, suppose liut it 
exactly cq^ual, and that results come out exactly in tHB 
r ance with Ohm's law. Praclioally, this never takes pll 
f but the discrepancies can be eaaily accounted for, as fi 
te in the apparatus, or taults of obeerrotion, and QDt 
'. Practical results, however, are so near the lav H 
□ doubt of its truth. Let us ascertain how then n 
b would act when differently put up. One c«ll,w}ken«> 
Eut 60 ; when ur i= i, a current 13^. Instead of I 
it of resistance, interpose say 15, so as to make up the B 
listauce of the circuit to 15'2, or 76 times the liquid HI 
e celL In tUs case, S = J^- = 1-05. To 1 

I^Uiat such is the case, we refer to the galTsnometer, vi 
" we find the needle at 1°. Now, 60 x tan. I' = ! 
ally. Let us now put up the nine cells 



Fig. 89. 

■ in in fig. 88. Here the electro-motive force of the w 
I Intteiy is nine times that of one cell, or 144, and 
I zesistance of the whole is also increased nine-fold, 
I the current has in the compound 
|t cnit to traverse nine times the amount of liquid it haa 



, ma. Thus, S = 



144 

l-S-)-I5 



re than eight, and' 
n transmit. The, 



_d of the tenBioa-&mmq;empnt jiut inTeatigated, let ua 
U quantity-arrangement of tlie cells oa in lig. 87. The 




U-matire force is not increased, but the. reaistBDce in nine 
■ diminMied, seeing that the whole acts as one cell of 



■ilamea the surface. Here S = 



^ + 15 



- = 106, veiy 



! than that giyen hy one cell. Again, pat up 

J ceUa as shewn in flg. 88, wJiere we havo threo 

a of three cells each, each joining to form one current, 

E acting as one battery, with tlie plates three times 



= 3-1, 



about tliree times the 



1 cell. Before a lante resistance, the surface 
t, employed by being cut up 
11 cells, arranged sucoeasively. 

afewlargecells. Before (/'^^^TN/^^^V^ 
reverse holds, V^^A^lTVci/ 
» yffct lis got •when tha — — — 
id nnitaiux irithin tlie baUcnj 
the eiUemal or inUrpohir 
This, of couraa, is only 
iewhen the interpolar n 
a than the regiatance of all f1[. s9. 

ii pot toge&er. 

D contiiiuoiu work has to be done by a battery, the 
■ e plates or cells must not be too small, as small cells 
ig little zinc and acid soon hccome exhausted. Large 
t before great resistance give a stronger cuirent 
U eeHa, but they contmne in action isst & law^Vi^^J 



i@@@ 



97. When CfcUa differing both in electro-motive fbiW 
I liquid reaistouce are put up auoceasively, we have to «di! 
I the dimtru-motive forces for the eleotro-motive force, andi 
J the leaiatances fur the lesiEtance of the hatteiy. Thu^it' 
ft juul six cells with the electro-motive forces 9, 8, 7j 10, ~ 
\ and the resistuuces J, ^, j, ^, J, ^, respectively, ttie 
L jelectro-motive force would be 52, and the totul re^stance 

I'aad we should have the i'omiula 8 = ;r— - — . 



I '^ppeued to be i«versed : 
■formula would be S ■■ 



id acted in the coutrary way, 
-, the total liijuid 



2-t- w 
I being the same as before. 

08. Btrivrd Oun-oit*.— Let ny (fig. 89) be n rhaomotor «1 
Ldnaitiscoiiipletedby the wiiepocinjatatuid b attocLand 
wire, so that from o to 6 audi 
course, m2&, is made from 0' 
h, then the fallowing tea 
applied. The cartent ■ 
origimdly passed thraogh 
is called the jirinitd' 
that which passoe through 
circuit, including the 
branch, the principal sun 
that part of the principal 
rest which liaveraea the e« 
i Oft from atob, the partial e'trrcnt ; the other part of it ptt 
by adb, the additional course, the derived rMTrmt; a and 6' 
the points of derivation, the wire adb the derived wire, 
rfal of derivation. The prinopal 
1 he stronger than the primitive current, 

e from o to 6 leaeeua thti rofistance of the ' 
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in aeb and adb are inveiBcly proportion uti^ U> tlie 

e each offets. Thus, let tha prinuipii! current be 24, 

Migtance of the interval of derivatiou S, and of Ihe 

■e 3, the partiul current will be 9, and the derived 

mt 15. The same would hold if there were more than 




he Physiological, Heating, Luminous, and 

Electrolytic Effects of the Galvanic 

Cnrrent. 

ie ore developed by the current in its pnlli. 
t l%e phytioloffical effecls, as shewn by the convnlaions of 
'a fiog preparation, were the first observed manifesta- 
tf the current. Fig. DO sheiva how these conyulnions ura 

The 1^ of _ 

may killed frog 
inned, and the 
1 nerve laid bare. 

wire, BA, holda 
I^B aerve at B, and ' 

t wire, EA, is 
B to touch the legs 
i and D. Each 
■ fbat the zina and copper 

"« am couvTilsed, and the contraction of the muacii- 

I the 1^ out to the position ff. Frog-limbs, at 

, by CSalvniii, when included in a circuit, fomt 

loseope of encessive aenaibility, which rivals tliB 

I galvanometer in delicacy of indication. There is one 

'waty in their aotion which deserves to be noted. The ' 

I contract only when the drcnit ia closed and opened, and 

1 undiHturbed so long na the current passes steadily 
The more frequently, therefore, the current 

d and renewed, the greater ia the physiological effect. 
Is eiperienced when a current is passed tlirough the 
K body. When the terminal wires of a battery are lifted 
k hand, except it consiat of a very large mmAiM cfl 



', is made to join at A, 



aliniMt the only seiutition felt is a slight diock a M 
iting and liieakuig the drcnit Da Bob Reymond, 1 

authotitj on Rpimtil electncitf, status that the 01 
affected only by changea in the elaotric tel 
tbe curteut, whereas the nerves of seasation, eotai k ^ioji 
affected, are affected not only hy these, but also by thcrii 
contiauaace of the cnrreut, and that the eicitacien of 
nerres dependent on the changes of tension increaaet '^ 
theii fteqnency and Guddennese. Fricticnol electridtj i&| 
Tray owes ita superior physiological power to the inotantu 
natare of its discharge. It is only currents of great ta 
which can he ielt by the living subject. The polea a 
battetyof SOBunsen cells, capable of giYing a brilliant di 
light, for instance, may be handled without much i: 
venionce. This may be attributed partly to the non-coo 
ing nature of the skin. If the cnnent enter the bodylqn 
cut or wound, the seniation is affected even when the cb 
IB weak. The physiological effeiit is also much heightm 
moistening the hands with salt and water, or by lul 
metal handles instead of wires, so aa to improve the oondo 
connection. Another cause of this insenmbili^ ai^ 
attributed to the iact that the current is not leetziBU^ H 
in part of the frog preparation, to the nerve, bni i 
through all the conductors of the system. The oarrw]) 
polttte and of sight can be affected by a very feeble nam 
those of hearing by a battery of some 30 cella. If two ij 
of silver and zinc he placed the one above, the othat 1 
the tongue, and be made to touch, a peculiar taste is ex 
enced ; when the strips are placed between the gums ftnd 
cheeks, and joined, a flash of light accompanies each jui 
Again, when the pules of a battery of 30 cells are ia 
(into the ears, a continuous noise is heard. 

100. Eeatimj EffeeU.—Whea a current passes through tt 
.wires, an intense heat is produced, suffiiiient, when at 
enough, to bring them to a white heat and to fusa tl 
the heating effects of the current are mad 
that sketched in fig. 91. B is a b 
on- conducting), and closed « 



wiUiifi tlie bottt 

4 



i with ihe po1«a of a bntterjr, aud wiUiifi tli« bottl 
K Joii)^ nith 3 tliin Epiml wire, unou ; f ia ti deliuiti 

When tlio circuit ia closeil, 
t developed in lie wire ia corn- 
ed to the alcohol, the telnprmture 
(-wliivh is shewn hy the thermometer. 
I foond that it the wire ictoto be kept 
^ or of the ume resistance, the 
C developed is in proportion to the 
I of the Ktrength of tlie current. 

L current of atrenf;lh, my 30 Bl 
at, OB diewn ' by the tangent 
meter, raise Uie contents of the 
a a minute, a current of twice 
i, 60 nnitE, would rw 

le. Again, if by means of a rheostat, by whidi 
an be introduceil or withdrawn from the o 
It of the current be kept at the eame point, an j 
8 of different resistance be put into the bottle, it i 
i. that the heat developed is proportional to the resial 
a of the wire. Thus, Buppose that with u wire otC«T' 
tance 1, the contents of the bottle a 
i, with a wire resistbg 2, and the same current 
ic increase would be 2° per minute. Hence iA# 
led in any amdiicting unre fry an eUctrie a 
tallo (he squares of the itreTiglhs of the currmE, and (a 
e offend by the vrire. 
iring the strength of the current, the resistance of ths 
'eight of alcohol, the inerease of temperatur 
1 time, we may detennine the heating powers ot th* 
If the tbin wire offer or ~ 
I strength of the current be 20 electro-chemical 
3 bent given off ^vill be sufficient 1 
!B of alcohol 1° 0. in a minute. The same heat would 
immea of water 1° C, fur tlie siiedlic beat o£ 
is Aths of that of water. A current of unit strength 
ording to the above rule, produce only itjlh part oi 
, 01- '84 gramme niised 1* C. According to the Ian 
g«ftm^ the heating efiect dependa oa *^ iX»!\t^ « 



le current and the rcsiatancE. Hence a cnnent of a wb 
DTigtli will heat up any length of a thin wire to tbe W 
t if the current be kept at the aame point TluB^ 
^ iu the means of cAtimntiDg roughly the streDgths of emiiai 
Currents which can raise a. wire of a certain inslend I 
I thickness to a certain heat, «ay a red or a white heat, msal 
■ o£ the same strength, the length of the ■wire healed b^g- 
I criterion of Htrengtb, though it may be of electro-motive Kl 

A very pretty illnstiation of the fact that the heat ilewJ 
I IB proportional to the resietance enconntered, is offered ^ 
I chain, the alternate links of which are made of nlTer J 
I platinum. When n current of sufticient strength | 
. through the chain, the silver links remain black while' 
platinum links become red-hpt. 
The application of the heating powers of the c 
[ ifpiiting gunpowder in mining, &e., is detuled b 
r Practical Applications of Current Electricity. 

101. Qalmatie Spark. — When the wires connected H 
I powerful galvanic battery are brought together, no ot 
cept they are made to touch, or nearly m 
Mporation, a brilliant epark taVes place, dne, a 

rwards find, to induction (119). According to Sir WilE 

a battery of 5000 Daniell'B cells could not o) ' 

h spark, if its poles were placed ^V^h of an inch apart. 

'^Msiot's water battery of 3520 well-insulated cells, a (1 

eedwhen the poles were brought to -02 of an inch, and a 

d to do BO uninterruptedly tor weeks and aiontha togetb 

n the galvanic spark is examined with a microscope^ 

■ found that the light only appears at the — pole. 

alectric light, the most splendid eihibition of the lighti 

1 «nd heating power of the current, will be described oad 

If recticil ApplicAtions. 



Electrolysis. 

'na (from eleotTo, electric, and lyit, k dis- 
I ii the tenn used by Farodny 1^3 deaignnte tluit 
cieiice of galvaniani whidi tivuU of llie Inws 
ditjons of eleutra-cbenLicai deuoinpositioii. As thia 
~ 1 ia genej^Ily attended by electro^cnucnl com- 
s sometiiceB difficult to distinguish elcotiolyHiB 
I more ^neral subject of EUctTO-chemidnj, which 
9 alL chemical changes reanltiiig in or froiri tliu 
onrrent. Elaitrolysia ia giitierally undcrBtrjocl to treat 
Atigea effected in a Biibatunce subjected tu, but not 
« to the current. 
( JfimunciatuTf. — A subetance utpablo of ilecom- 
f the current is lulled an cUclrolyls (Bomething 
y electricity). The poles — viz, the wires, plates, or 
—by which the cuTrent enters and leaves the electro- 
■■ id electrodes (electric ways, from hodos, a way), the 
I called the anode (ana, up, and hodoi), and the 
a eathode {enta, down, and hodoi). The comrtitticnts 
1 the electrolyte is decomposed are called lonn (from 
^ ; the electio-pasitive substances, or those going to 
~ D, are called cali(ms ; and the electro-negative suh- 
6 which go to the anode are called anioia. To eUttrol^ti 
^ifies to decompose by electric agency. 
General ChaTacUr of EUctrolytu. — No substance ia decom- 
posed by the current so long aa it ia in a solid or gaaeous 
stats, and it must fimt be brought to u liqaid state, cither 
by solution or fusion, before the current acts on it. There 
are some unimportant exceptions to this. The pasB.ige 
of electricity through compound goaeB in a state of great 
rarity, as in the so-called vacuum tubes, frequently separates 
them up into their constituents. The electric spark in air 
effects the combirnition of oxygen with nitrogen ; nitric acid 
being produced. Electrolytes must be ehemictd eonibinaiioni, 
aa these only can be decomposed. Metallic alloys 
fused, though they conduct the current, are r 




103. Eleetnlgtis are resolved v,nderlheiii:tiim of &iB 

aioim and cations, which appear at Uieir respeclivt fl 

W proportion of Ikdr atomic vKighti or muiiiples (>f A 

teeights. The acUon of tlis current on one or two n 

Trill best illustrat* tlie meaning of this law. 



ClIDpOSLtil 



2toU 

^U3 common salt (NaCl) is composed of a simple catioBJi 
irliDse atomic weight is 23, and of a simple anion, CI, 

reight is 35'5._ Sulpbat^ of ammonium it 
two Btomii of ammoDiotn (H^^ "^ ^ complex caiion, and I 
atom of anlphioii (SO,) as ft CO 
pies anion. Tlie atomic wtt( 
of ammoninm (5(N) is 18, aad 
aolpbion (SOJ 96. It will bed 
1 that chemical fonaolsB g 
iJie eleetrical as wdl us tHi&n 
compositioa of electrolft«s. 
acids, hydrogen fonns the oA 
and the add radical, the oti 
constituent, the anion. la ' 
saltji of ail Quid, the metal ti 
takes the place of h^nlioges. 
the add is the cation of the 
nnd the other constituent, ibe i 
radical, is, as in the acid, I 

The decomposition of water 

platinum plates is olwaja takm 

tlie liest Tisible illustraticui 

llectrolytic acttiw. Fig. 98 iq 

for the purpose. A ^ 

cork '\ie\Q'«, \LKya^ t»\ 



i9 Mviiig Blips of plutinum pltite soldered to tbem 

Two glass tabes, open below, are hung over tlie 

i liooks projecting from an upriglit support. The 

I k filled with acidulated water ; and the tuhea, after 

g filled with, the same, axe. inverted, and hung with their 

r endiB enclosing the plates. When the wires projecting 

Ih from tie cork are connected with the poles of the 

/, iijdrc^n rises from Ihe — , and oxj'gen from the + 

»de, to fill eacii its separate tube. Aa the decom- 

1 proceeds, twice as much hydrogen is liborat<^d as 

Len tlie tubes arc filled, they may be removed 

!. 

is here the type of the metaJs, or other electro- 

fl anbstances, disengaged at the — pule, and oxygen of 

d and «ilt radicals, or oliher eleutro-negative substances, 

+ pole. Moreover, the proportions of tha 

a of the two gases being tlat of their chenucal com- 

g Tolmnes, reminds na that, when a boily is decomposed, 

nnpMieBts are always separated in the proportions in 

S tliey were united, viz., those of their atomic weigtte. 

le tubes at this apparatus were graduated, it would serve 

er. Plaliniun plates are here employed becaiiee 

a does not enter into combination with either of tho 

that both are disengaged. The oxyt,'en got by this 
"a strongly of ozone. This shews that the gas, 

oily set free, possesses mure than usual chemical 

a characteristic common to tlie prodncts of electric 

istion; They are set free in what is called their 

which they form combinations with other 

» vith more than usual readiness. 

y Action. — Wten the sulphate of copper is decom- 

f two copper electrodes, copper is deposited at the 

nl^ and SO, enters into combination witU the copper of 

f pole, and neither ojcjgen nor hydrogen is disengi 

n platinnm electrodes are used, copper is deposited at the 

1 oxygen i-s disengaged at the other. The reason 

t^ does not enter into combination with platinum, and 
it &ee acts on the water in wbich the salt is dissolved, 
yg^Bgen and mlp&uria add. Toxa, 30^ -V B^ ™: 







^ j^ «f tnlyhrte of "^^'"", sod iiilj«UM| 
I, mjii ■ md b}iIni|jEB ire Kt fre«, as they vl 
a^wtB' like 4e MM dcMnbed in ^. 93. Ati 

t tkos s 
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the poles IE eaten away, and the othor receives a metallic 
ileposit, electrolysis is almost nlwayB aacomjiunied I'y sccond- 
aiy action, it being frequently a, matter of difficulty to unravel 
Ule primary from the secondary action in the results. 

fl'hen tlicTB are leeeral ehclrolytei in ons decomiporing cell, all 
are more or less acted npon wlien the current is strong, but 
whea it is weak, the acdon ia confined to the beat conductor, 
"ir to the one yielding most readily to the current Water, 
tile usual solvent, is never decomposed directly when it holils 
an electrulytiu «alt in solution, the action being expended 
exclusively on the salt. 

104. lilien th^s an leveral cUdrolyfes eadi in distiiict cell» 
in the saTiu circuit. If, instead of one voltauieter iniduded ii 
the circuit, we have several, we find that, whatever amount 
ef gas is liberated in one of these, the same amount i 
libemted in all, and that independent of the size of tlie plates 
I aad amount of acid in each. We learn, thi-jefore, that the 
^^WDieal power of the current is the same at every point of 
^^Hiieait -where It is manifested. If, imitead of two or three 
^HpiiBieten in the circuit, we had one or two decompoBing 
^^U.Of the following deacription, A teat tube, having a 
^^HUssia wire, on which the glass has been fused, passing 
^^Bmgh the bottom, ia partially filled with protochloride of 
^^K^hich is kept fused by the heat of a spirit-lamp. Tha 
^^^fanm wire at the bottom of the tube foi-ms one electrode, 
^^H^OM descending from the top forms the other, dipping 
^^Htr thB fnsed chloride. If, then, thia cell be included 
^^Hfeft circuit along with the voltameter, and a similar 
^^■^Gontaining fuseil chloride of lead, so that the current 
^Hbm th« tabes by the upper electrodes, and leaves by the 
^^■kbi tiie water, protochloride of tin, and chloride of lead 
^^■AacQmpoHed simultaneously by the cuitent passing throngb 
^^Bb^ hi the voltameter, hydri^en and oxygen are dieen- 
^^Bd] in the tubes metallic tin is deposited at the lower 
^^Mtnde of the one, and lead at the other ; whilst chlorina 
^^Htoated at the upper electrodes of both. If, now, tha 
^^■Bti^ of hydrogen, tin, and lend thus set free be weighed, 
^HplLbe fonnd that their weighte are in the proportion of 



PkuIi experiments as these, Faraiky conduded that «AmJ 
L CHrrnil jmsats through a leriei of binary eleetmlyUi, tomi 
L^ 0/ oae egaivalenl of each 0/ the elementary bodiu, I 
BHoNlitiM of tin leparuted elemtnh of the tlcetrotytts an 
hit lanu proportion as ihcir eheraieal igainaUitis. It is ii 
Bnily in cells exterior to the boJiteiy that this luw holdHbi 
^m the cells of the batteiy itselt If the Itatteiy which ^sd 
Ube aiboTC decompoaitinD coasisted of iCix cells, for each OIp 
Bnlcnt of hydn^en, tin, and lead sepomted without t 
natteiy, one equivalent of zinc {= 32) in each cell would 1h 
Mwen dissolyed, and an eqalvaleiit of hydrogen disengngedi 
mach of the copper plates, if the cells were one-fluid. "Bern 
Eldso, if in. any circiunstaitces one cell of say BunBen's battt 
Bjpves a cuirent as strong as two cells of a one-floid arran) 
BRBeiit, the Bunsen uell would cooHame bat half the zins .« 
Bpimed in the other Hence the economy of cells of p 
Mlectro-motiTe force. 

■ Faraday's law holds also for binary compoands wU 
Bflements do not Btand in the relation of an equivalent of i 
wfvae to an equivalent of the other, hut with this modificatic 
IraiBt the welghta irtf the tlectro^nejative eUments alone, b 
I in the action, are iu the nitlo of their equivalents. Thiu^ 
i. the Fame current pass through two decomposing cells, ( 
L eontaining a solution of the subchloride of copper (CnQ 
I' MHisisting of an equivalent of copper and half an eqaiva' 
I «f chlorine, and the other of the chloride of copper (Ci 
trOODsiating of an equivalent of each, the bs 
Kjdilorine will be disengaged in. both, but twice as much & 
Win deposited in the first as in the second. Hod there 1> 

■ ojinpound of copper with the formula (CuClJ containing 1 

■ equivalent and a half of chlorine capable of decomptwtic 
1 ve should expect in the eanie way that for one equivaleiit 
I chlorine diseng^ed there would be Jda of an equivalent 
i.«»pper. Becquerel from snch instances eipressea FaradiJ 
fisfr somewhat to this eHect : lHutt ike eame cwrntf } 
I Uvroiigh a leries of eltctrolntes, the vieights of the ttpa 
■•wutnM are io each oth^ 03 their cliemiical eqaitiaUntt. 
Unions here mentioned may 'b^ either simple or com; 
Bttkoi^h tlte !■▼ at fint l^ M^ateacQ ndf to «)iqMi 



meet. Thus, if one cell I'.onUinei] Inbaac phoiphale at 

J» (NsjPOj) in Bolution, and Uie oilier chloride ol' Mdmni 

pi), ona atom of PO, being ei^iiivulent to tbree of CI, 

7 atom of I'Of eet bee in the one cell, three ttoms of 

ponld lie disengaged in the otiier. Tlie ntniiiic neight of 

[> eBt of 3C1 3 times 35'3— viz., lOS-5. Thu cutiuns uad 

IB ant disengaged in each coll according to the law (103). 

kfontount of deannpoiitum tffteted b}i the i-.UTrtnl ie tn pro- 

% to the ciarent strangth. This lair hna Lcca nlready 

I in the discuasion of the voltameter (90). 

Y of this law is Bomewhat compromised hy the fiirt 

» possesR, lo a certain extent, the power of can 

^phyucally, electricity withoat electrolytic action, ai 

■'all that paases in this way ie chemically lost For- 

iff the etroi thae introduced ie very stiuJl, and can be 

re practically diBregarded. 

nelallurpj.^l^e application of electrolysis to 
11 be found in the la^ section. 



Chronology of Galvanism. 

k The science of galvanism dates ftom the close of the 
sntury- In the year 1760, Qalvani, in making investi- 
jvonB irritability of cold-blooded a 
1 by accident tliat the limbs of a recently killed 
n hnng by the cruial nerve on a metal support r 
ie machine, contracted convulsively at the recurrence 
b. Bpart. This he properiy accounted for by the back- 
IB (48). tttx yeare afterwards (1786), in experimenting oi 
B electricity with frog limbs as delicate electro- 
B obtained, also accidentally, the same convulsions 
g the copper hook on which the nerve hnng. a 
kftb itself simultaneously in contact with on ii-on 
irity of the result led him to attribute ii 
—via, electricitf either exja^mja "le limb it 



BaOuin, he aclopted the fomier hypotliesia, and looked ti[ 

Ktinih OS a eelf-chorgmg Leydeu jar, with the nerre 

■ Imtss kiigl) aud wire ; thuiintei'ior of tlie muscle as th 

Imoal^'igi its exteiior the outer uoating, and the mctfll 

K^Iie diuchai^ing ton^,^ He tiist published his researduii 

lu7Sl. Volta, 1793, diflcarded the acconnt given by Oolvdl 

K^ his experiment ; .and from the faxk that the convolaiatt 

K<jg,aestion took place with more enei^ when there were ti 

F^tals in the uonducting arc inatead of one, attributed d 

Kfource of electricity to the heterogeneitf of the melalfl « 

BvloyeJ. He mauitaincd that at the aurface of contact of'tl 

vdiffetent mebds on electric force arising from their heU 

Ktfeneit? ie generated, which throws them into different tensk 

^KluB doctrine forma the fundamental principle of the wnl 

^^wer^ of galvanieoi. In reply to Volta, Gelvuni proved ina 

^Hltably that the contraction in the limha of the &0g b 

^^^ce wheu only one metal was employeil, and even whendl 

H^dnctor wok not of metal at all. SubBequent diacoveiy h 

^^loycd Galvoni to be partly right in attributing the o 

Kbf these convnlsions to animal electricity, and Yolta also toji 

HEaitly right in attributing them, to electricity generated lifdl 

^Kto metals, for both causes may be at work in produo 

^^Bnlt. Fabroni, a professor at Florence, was the fint (171 

^Hl suggest ehemieal aelioa as one of the causes at wodE 

^^lalvani'a experiment. Volta did not accept of Golvm 

vindication, but supported his theory by several apj 

oonclitsive experiments. In 1799, he constructed, t 

crowning evidence of the truth of his reasoning, his pile, t 

with it properly begins the history of galvanism. To GalVA 

is thus due the merit of discovering a, new manifestatioB' 

electricity ; to Yolta is due the merit of displaying it 

source of power of incalculable importance, and which^ j 

for his genius, might have remained among the barrea a 

Dsities of science. Hence it becomes a questioi 

colty to decide to which of the two the s( ' 

Ij^luther it is to be called Galvanism or Voltaism. 

BOVery ha s led men generally to decide in foronr 
' chum to haya h 




t ocnoimt of Vattn'e pila Teocliud GngUnd b 

Beph Banks by the inventor (IbOII). A U-v vrvrk 
i, Carlisle anil NJi^holflon Jecompoaed water with il 
muxia eeveral Bulta. Thej were the fiist to UM 
dectrodei. Davy, ia the enme year, traced t 
ityof the pile to chemical acticm. WolUstou (1801] 
lamc theory, and went the length of altriliutin; 
electricity to chemical action. He {iroTed tike- 
idcntaty of the two electricities, and shewed that, hy 
the electrodes to mere pointa, the electricity o 
could produce the iiume chemical elTects aa that ol 
In 1802, Cruikahank improved the c 
by dispoBing the plates horizontally in a trougb 
of vertically in column. The main features of electro- 
decomposition were diecuaaed hy Davy in his lamooi 
Lecture of 180B. In 1807, the same phibaophe 
for the Jirat time, hy galvanic agency, the i 
sodium, barium, atrontiiim, calcium, and mngna 
uc (1809) first made dry piles of gold and sllve 
. these were alMi'ed and improved by Zamboni 
In 1813, Davy discovered the electric light u 
o by means of tlie colosaal battery then placed at fail 
a at the Eoyal Institution. CErated (1820) first ohservet 
a of the current on the magnetic needle ; and a fev 
■a afterwards, Ampere discovered the law of tliis action 
" n electric theory of magnett, which has prove* 
irfully fertile in practical resulla. In the same yeai 
r invented the galvanometer. In 1825, BeccLuerel 
B aid of his differential galvanometer, investigated th< 
luetihility of metals. Kemp, in 1820, first used amal 
c for the galvanic battery. . In 1827, Ohm gave i 
ical theory of the pile, rigidly deduced from Volta' 
lental principle, and in perfect keeping with eiperl 
Faraday discovered (1833—1834) tho definite natur 
uicjil decomposition, and proved that 
chemical equivalenta were identical, 
iii^teil his constant battery. Spen.ie. 
dJacobiin Russia, made simultaneously (1637) th^di 
metallargy. Girove (Ifii 



1 batteiy. Faraday (1640) proved, 



chemical t 
jgarding tlie prad)ii:tioD of hed 



■ -dupute, the truth of 
I covereil the law 
L.current. In 1840, Cooper Euggeated Hik ase of carbfl 

'~ iwkinB that of iron, for platimun in Qrovti'a 

lee's batteiy datea also fcom thia year. In 1843, Wha 

■ stone, hj means of liis rheostat and resistanco coibi, inve 
I gtLted the ledataiLces offered by voiiotts conducting sutetao 
I to the current In the same year BmiEen introdnc«d I 
I Cstbon hatter}'. 

The rivalry which has all uloug existed between the a 
\ eates of the chemical and contact theories has been hi| 
'e to the advancement of the acience, each, p 
n the aid of invention and discovery to support i 
I of their statements. Among the more distingni^ 
it-tbeorists may be mentioned Volta, Bitter, Pfaif, B" 
, Ohm, and Fechner ; and amoi^ the chemical-tl 
fibroni, Davy, Wollastcm, Parrot, De La Eive, and I 
Xvy latterly maintained a theory of distribntion and a 
dum of electricity midway between the two, which I 
[lered among its supporters Ji^r, Berzelius, Ermann, i 



ECTRODYNAMIC S~ELE CTRO-MAGNET- 
ISM-CtTRKENT AND MAGNETO- 
ELECTRIC INDUCTION. 

e all treat of tlie action of llie current out from its 
B first two are closely allied, there being lomc 
1 druwing tho line of demarcation between them, 
le UTitets, eleutro-niagnetism inclndes electro- 



Electrodynamics. 

s treats of the mutual altracHoni anil 
u ofearrmts on marents, and currants on magTiets. 

a on CarrMtt. — The fundamental principle of 
D. is, that parallel cuirtnti in the lame diriotion 
n opposite AiTeelions Tepd. In fig. 03, the actioii 
s fiiat cose is shewn, A denoting attraction. Hencn 
tilts, however placed, endeavour to put themselves 
aa to run the same way. From this may be 
; second principle of current-attmction, that cross 



Fir M. 



PlF.M- 



r eumnla altraet lehen then ^^ ""i fit 

int of crossing, bat t^kI wlien Ihe^j nm the (n 

, the crosaing-point. The first case ia e 

Prom this second principle follows a third 

g that are perpendicular to each other, bnt c 

h other. Let EP (fig. 95) be a current at right 

nireiit BD, or to a plane through it, and let ii 

I to 0, the crossing-point. Tha cnrreuta "ffiJ s 



I convoying a downward current be brought nenT to frf. 
) be parallel to it, uttractiun will tuko place ; if it be 
.0 fe, repnlaion will ensue, A current-wire belli 
jntally with inspect to td can. be placed bo as to make 
B both tend to the crossing-point between tlieiii, 
S opposite, so OH to illusttate the second law. It may 
^eeted, that in tiiiB apparatus we cannot examine the 
ine port of the uurrenC without also taking in tbe 
i of the rectangle, but these lost may be made Id 
^comparatively so for off as not to affect the main result. 
~ie third law may be shewn by an apparatuB aucU 
1 fig. 97. A is o small circular trench containing 
ly, BUiTOunded by a coil of insulated copper ivire, wic. 
" rod, BE, ia sui- 
by a small cup of 
L light copper wire, 
s poised on a fine j>oiiit 
p n, and its lower ends, 
Qto the mercury of 
The circuit ia so 



the coi!, paiutts 

% (connection not shewn), 

^.it aac«nds, at- the cup 

the copper wire it 

ito two branches, dc- 

Jong iJi and al to the 

ly, and leaves finally for 







As H 



nnit is closed, the wire 

into couatant rotation. In the coil the 

t move* oontraiy to the Jiaiitla of a watch ; the wire, 

[ to the third law, moves backward upon it in" 

1 of the Lauds of a watch. In tho figure tlis 

1 parts of the current na and lit are so far altovo 

s to affect the motion slightly, if at all. But if 

t blanches ah and od were short, so as to leave 

1 almost entirely to jfi and nc, the wire would 

fc.94" bidoR^ for the oqnaus lut wui. -m vat. i 
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perpendicular to the current of the coil, Ujoogh in a different 
Init pataUel plane, and both run towards it, thua atanding in 
the BaniB relation as bBfore. K the uurrcat bu ri'veraed, 
IhH motion of tlie wire is also reversed. 

109. A curious consequence is conaiderad to follcra- from 
tliB aetond law — nameiy, tliftt since two parts of a atraiglit 
line may be regarded as atanding at a very obtuse angle U' 
Rflch other with reference to a point in it, any point in It" 
straiglit line may be looked upou aa the croa^g-poiiit of its 
two parts, Ab at llie point taken we flad the one part of the 
current approaching the other leaving it, the two paitB of tie 
current repel each other. Hence thx varioue parte of a ctarent, 
in a straight tine, repel each otJier. Faraday, in iUnatration rf 
this, bent a wire in the forin of a horaeahoe, and made each 
end of it dip into a aeparate vessel containing merciiiy. The 
wire was partly supported by the mercury, and partly by tJie 
beam of a delicBto balance. When the poles of a battery am 
put into the vessels the wire loaea weight, from the 
of the mercmy conveying ihe eame current as iteelt t 
experiment, it muat be coiifessed, is not quite decisiTe, n I 
repulsion may arise from, the peculiar action of a fliud M 
solid part of the circuit. The mntnal action of currentB 
each other was first cluciilated by Ampere in 1835. 

110. OiMTenij on. MagneU. — The mutual attractions i^^ 
repuMona of currente and luagnets will be beet undetaf«)4 
following Faraday's first experiment on the subject (16 

which we shall I 
quoti'. Let NS (% 
'—a — **" — ^p- be a magnel^ mo 
X.^_^/ round its centie C, 
pj, gj let the round blade 

represent the section 
wire, conveying a current perpendiculflily to tho neei 
The upright wire is so long that the wire, when it c 
iirection, haa no effect on the needle. Suppose wi 
lown on the needle, and that the current is upwar 
n»en in the positione. A, A', I'.o', the needle : 
■>y the current ; in E, E', r, r', it is repelled. At N a 
■ijfii placed .IJiere, the wire 'produces 




rii^ludad, from thk singnlaT action, that if the poles wure 
.■■il the wire would rotate round the north pole in the 
Uriiction RAra, and. round the south pole ia the direction 
R'AYa' ; ouil tiiat if the poles were free to move abont the 
ttieit cuirent, the north pole would rotate in the direction 
?fcewu in the circle NB, EKperimeut verified thia conolusion. 
Hi'fiiK procetxliug to detail the manner in. which he elfect«d 
ii'^ rotations, we may note the directionfi ia wliich these 
uiiions lake place. If an oburvcr be plaud at Iha north pole 
! n maffoefi panUUl to a movabU cumnf, so that tki curmtl 
' sicn by him to fiaa iipasardi, the rotation of tin earreiit 
■■"\iiii tht pok viauid opjJBor io him to bt from right to left; 
nd to an obtervtr plactd ia a fixed cumnt, idth th; earrent 
■iiUjiiig at Ida feet, the iwrih pole of the laagftft icoiild appear 
lu ham to riiovo round hinhfrmn right to left. Thie last is only 
uiotber way of tttating Ampere's rule. The directionB for 
Ik south pole are the reverse. The apporatuij by which 



iuaday actuoUy effeuted these 
M Hid N (fig. 99) are two 
veaeU containinR mercury. 
Titii wires enlering them 
IjcJuw, bo as to effect their 

[Jiles of a buttery ; 6 is a 
"lunll powerful magnBt, tied 
I'j a thread to the wire at 
'■iii iiuttoiQ ; F is a magnet, 
liied to the bottom of the 
vfcael N ; ti i 



I a copper 
wice, hung by a metal hook. 
(Vlien the cu» 







IS in the figure, the movable 

"JKQSt b rotates round the fixed wire s, and the movable 
;ii; ci reyolves round the filed magnet F, ia the direction 
iiirding to the rules juat given. If the npper ends of F 

nd b be south poles, the rotation of 6 will be in the same 

direction n^t the hands of a. watch, and of ti in ~ 



^ iiow tjf ^ttUrO'^Mifitetic .£e&(l«mi<— ^at and &ti.fMb 



lliave stated the law of electro-mftgnctic loUAvna tiini 9l 

, JVce with which each eltitetit [umalt part) of a cwfenl etli 
.nagnetic pole, staTida at right angkt to the plaM tai 
{through the chmtnt and the pole, and is alwayi 
-ynportitmal to the square of ttie distanee. If sueli tie i 
.nctiou of a current an a. pale, the pole must act in I 
«ame 'Way on a current This lav gives the luutoitl wti 
sf a current and one pole, bnt it may he so placed t 
both poles affect it. Tlie direction, in tliis cuee, of the ]t 
-tLCtion. of both polea is that of tlie line of magnetic force ttl 
t (3). Hence in any magnetic field, each eUmmtt, 
BWrent, leliea free to Jiwwe, it urged, in a direction at right 
tfi the lines of magnetie force. Ampere's figure 
^(entering at his feet), looking to the north pole, will be 
towards the right. 

112. Action af (he Eartli on Oarrente, — The lines of 
force on the earth's surface are parallel to the dip]Mi 
, vnd currents have a tendency to move at right angli 
'In order to ascertain the action on any portion of a 
,1^ lines of mimetic foree, we haye simply to project it4 
i^done at right angles to the lines of force or to the dip^ 
.needle. If the line to he projected lies at right angles ttf' 
dipping-needle, then its projection on the plane will be of- 

e length as itself, and the action of the earth- 
will be to uige it perpendicular to the lines of force 
itself, and in a direction determined by the position 
poles of the earth to it. If the line be paraUel to the lii 
£)ree, then its projection will be a point or the section Of' 
' ; and as there cttn be no perpendtculnr to Guoh, it ia nn 
^t that the line in this position has no tendency to dlB[lU 
iflient under magnetic influence. The force of teitett 
jm^etism on it is null, A line between these two positiona 1 
i«ppenr shortened when projected on the plane, and the cKl 
'tjon in which it ianiged will be indicated by the perpendJCI^ 
'to the projected line. The shorter the line becomes in] 
' jection, the lesa it is exposed to the displacing ioilttelia 
terrestrial mognetiani. 

Let ua apply the principles just stated to the caae of 
t the ci}il u -^bmA. 
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circnit Let us suppose the lines of magnetic force resolved 
into two sets, horizontal and vertical lines, as in art. 17. 
I«t us confine our attention to one half, n<ib, of the wire. 
The vertical lines of force have no influence on the vertical 
pwt, ha, because it is parallel with them, and its projection on 
a torizontal plane would be a point. To na, whatever position 
it occupies in its circle of rotation, the vertical lines will be 
at right angles, and exert their full force on it. na rotates 
in presence of the north pole of the earth, which, according to 
<wr way of speaking, is a south pole ; it will therefore rotate 
contraiy to the hands of a watch. Let us now see how the 
luffizontal lines act. ah stands always perpendicular to them, 
whatever be its position. It will accordingly be urged to the 
light as far as it can go, which is in a position in which it 
lies east of BB. Here it will be in stable equilibriiun, and 
it wiU resist being moved westwards one way or other. In 
this position na would be urged upwards by the horizontal 
lines, which, from its mode of suspension, cannot take place. 
The effect of the horizontal lines on na is to move it do\vn- 
, wards in its west, and upwards in its east position, but not 
to interfere with its motion in a horizontal plane. In the 
position in which nab stands east of BB, it becomes a question 
of strength whether na shall carry it on, or ah keep it standing. 
Ifitis to rotate, db must be made shorter than na. If both 
halves be now taken into account, cd and db will have a 
tendency to place themselves both east of BB; they will 
therefore counteract each other, and leave the motion of the 
wire to na and nc, which will keep it in constant motion. 

On a closed circuit, such as that of fig. 96, the efi*ect of 
terrestrial magnetism will be to place the plane of it at right 
angles to the magnetic meridian. The horizontal parts will 
have no effect. The whole will be left to the vertical currents, 
which, passing the one up the other down, mil place them- 
selves, cd to the east, ef to the west. It is from the conflicting 
action of its parts that a closed circuit, as a whole, cannot con- 
tinue to rotate in a magnetic field. 



Electro-magnetism. 

dudes all phenomena where mogniiti 

produced bj an electrio cun-ent In the deactipluin 
igalvonometeTa Home of the principles of eleatto-m^neli 
itiVe been, aiready diaoussad. ' 

1J3. Ampere's Theory of Magnetism. — This theoiy fc 
iink between magnetism and current electricity, and |^ 
isimpie explanation of the electric action and c 
gnagnets. Ampere considers that every particle of a 
■Jhfls currenta circulating ahont it ' " 
section of a magnet, according to tliis theory, is ahemi' 
tig, 100. All the sepamte 
renta in the varioi 
may, however, be 
to be equivalent to one 4 
current circnlating nnmd 
Fig. iDi. "liole (flg- 101)- We.« 
look upon a magneti 
(t system, so to speak, of rings 01 rectanglea, placed a 
side, so as to form a cylinder or priam, in eadi (f 
B current in the same direction is circulating. 

difTerent directit 
that their effect as a system iu lost, and the 
induction ia to bring tJiem to run in the eame directioi). 
perfection of magnetisation is to render the variona cm 
parallel to each other. Soft iron, in consequence 4 
such a dieposition, beoora«( 
.jiQwerioIly magnetic under induction than steel, nhev&i 
j«uBtance exiats. 

Experiment very strongly confirms the truth of this tit 
Helices of copper wire, in which a current is made to 
manifest all the properties of a magnet Such art sheiH 
skeleton, in figs. 102 and 103. Each convolution of tho t^ 
may bo taken as a Bubstitnte for one of the lings above ape 
of. In helix, fig. 103, the current, after entering, goes iroia.] 
hands, " ~ 
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left-handed; in fig. 103 it goes witli the hands of a watch, and 
M right-handed. The extremities of both helices act on the 
nwgnetic needle like the poles of a magnet while tlie current 

N s 




o — ' 

Fig. 102. 

posses. The poles are shewn by the letters N and S, and this. 
Qw be easily deduced from Ampere's rule ; for, suppose the 
little figure of a man to be placed in any pai-t of the helix, iig. 




Tig. 103. 

102, so that while he looks towards the axis of the helix the 
current enters by his feet, and leaves by his head, the north 
pole will be at his left hand, as shewn in the figure. In tlie 
left-handed helix (fig. 103), the poles are reversed according to 
the same rule. Or, if we suppose the figure to lie in the axis 
of the magnet with his feet to the south, and his head to the 
iwrfh pole, the current of the helix, or the molecular currents 
of the magnet, appear to him to run from right to left, or 
contrary to the hands of a watch. In fact, a single ring, as 
well as a system of rings, conveying a current has magnetic 
odes, that being north on which the current appears to go 
contrary to the hands of a watch, and that south on which it 
Jnoves with the hands of a watch. If either of these helices 
Ijc hung 80 as to be capable of horizontal motion, which 
by a simple construction can easily be done, as soon as 
^e current is established the north and south poles i)lace 
tliemselves exactly as those of the magnetic needle would do ; 
^ if they were hung so as to be able to move vertically 
^ the magnetic meridian, they would take up the position of 
t^e dipping-needle. When the helices are so hung, the wires, 
Soing in a spiral to the end, must be brought back again in 
* straight line to the middle. When they are so constructed, 
tbey lecdve the name of solenoids. It is f o\md \5y ei^imoxA 
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: ". ibf «dl "iwTRC J€£ om df ^ifr drexcx. the lotiKMf 
:./i:f Tiiii.'^e &s snpvx ixi ^le ££!!□« ; if the soiidi pokti 

T^ftmf TOAK^ Xbt" Twrearm oif ^le VIK VlU be JKTfSOtL 

'^5(?!*i :*:T.vQi;; seises ic agrrPlcUjn. wx lighr angles to ttl / 
micdciua;. imc -K^ 1^ axis «f a nagiiet vbkk M . 

in 'die axis of a senea i 

sazk closed dmuts plafi* 
isi^xiLdiei&eridiaiL TW ; 
ea:dx,besi^ a xaagnety ]m : 
cTimsts dimlariTig aboak 
— ~ ~ ZZ? i^ iriich mn^ be £ram e«ft 

lo ^iresi. the nortli pole of 

ibe <»Lnii beJTig, in (tat 

s-v'<.v it;;:, fc ^.'c:\ Tc.>. A nagiset. then, irill nak 

-iwt; ;. .; ;V or,r?fcr.»$ r^rxis^ below it plaoe tfaem- 

*>*>r<»';\«x t-" Ji'TiA ir, ;!hf ^irtvsSca itf the eoztli's rjimNf iM . 

^ >t>>4^i^ ^1^ V ^ <a sKXiifii of a wg*M»i: jp 
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tslih-eacrent. The upper current TieiDa; further away from die 

f*ittL-uurreiit, is less affected by it, and it is the lower cuiTent 

111 deterauneB the positica, A niagnetio needle, therefore, 

ma towards the north to allow the currents raoving below 

: til place themEslves parallel to the earth's current, 

Hi EUctTO-magTieU. — Perhaps the atrongeat proof of the 

tb of Ampere's theory ib the fact that when a i;urreut wire 

Euiled round a piece of soft iron, the iron becomes for the 

n powerfully magnetic The general funn uf on clectro- 

shewn in fig. 107. 

of a round bar of 

KiRai 1>ent into the horseshoe 

L with an insulated wire coiled 

1 its extremities. When a 

^tpofflea tlirough the coil, the 

whioa bar becomes instantly 

e, and attrocts lie armature 

I sharp click. When the 

It is stopped, this power dis- 

soddenly as it came. 

5net3 tar outrival per- 

btmagnel^ in strength. Small 

S-jnagneta have been made „ i^, 

"e which support 3500 times 

1 weight, a feat immeasurably superior to anything 

d by steel magnete. When the current is of moderate 

h, and the iron core more thou a third of an inch in 

rufjaelirm indiued is mi propvrtioa to the tlrengtk 

wit, and of the nuroSar of hima in the roil. It is of no 

« whether the coils be placed all over the magnet or 

d. at the ends. Wlien the bar is thinner than one- 

nch, a masimum is soon reached beyond which 

fBEHonal tnma Of the wire give no additional magnetism ; 

id even when the core is thict, the advantage gained by 

toataaing the number of coils may be lost by the long oircoit 

ilncing the strength of the current. The maximum that 

:n be TBttched is, in different mngnets, proportional to the 

' :i of section, or to the square of the diameter of the core. 

^Isa when the mass of T 
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Current Induction. 

116. The fundamental law of current induction may be tlius 
shevn. Two long copper wires, pp {fig. 108) and ss, are fixed 
80 as to be parallel and close to each otlier. The extremities 
of the one, pp, are in connection with the poles of a galvanic 
batteiy, E, and those of the other, ss, mth the binding-screws 
of a galvanometer, G. The instant the circuit of the battery 
is completed, and the current sent along pp, a current in the 
opposite direction is induced in the wire ss, which is shewn by 
the deflection of the needle of the galvanometer. This induced 
cunent is only momentary, for though the current continues 
to circulate in pp, the needle soon falls back to its original 
position of rest, and the wire ss gives free passage to other 
cnirents, and appears to be in no way affected. If, now, when 
the needle is at rest. 



the battery circuit be 
hroken, and the cur- 
rent in j9p stopped, 
another momentary 
<niirent is indicated 
^ the galvanometer 
needle, but in this case 
^ the same direction 
•8 the inducing current. The inducing wire and current are 
called primary, and are so distinguished from the induced 
^ and current, which are termed secondary. The passive 
<5ondition of the wire while thus under induction has been 
described by Faraday as electro-tonic. An electric throb, so to 
speak, marks the setting in of this state, and another its 
yaniahing ; the former in the opposite direction to that of the 
inducing current, and the latter in the same direction. If the 
primary wire, pp, be movable, so that it can be suddenly 
brought near to, aijd withdrawn from the secondary, ss, while 
the battery current passes steadily, currents are induced as in 
the fonner case, the approach of the wire bem^iaaxkaiXs^ ^w 
inveae current, and its withdrawal by a direct oiia. Ks.\sst\!^^ 




however, as Ihe piiraary wire remainB in any one pi 
eTideuce of electricity in the eccondary wire disappeaiB; 
if in. this position the atrength at the primary current lb 
te increased or diminiBheil, momentary currenta in ' 
Beeondary wire would again mark the clmngea in the prim 
e causing an inverse, and the decrease s dj 
cnneut Hence we conclude, that a current whieh bgit 
current idiich appraaehee, or a current vHoA imcrtasei in tfm 
iiiduea an inverie raffmentar)/ current in a niu/Mourinj eoM 
tag circuil, and that a cTiirent which itopi, a cvrroit U 
rtliree, or a current vMcIt decrease in stTtiyth, indMcu a d 
mlary current in a neighbounng eirciUt, For invetsc, 
word negative, and for direct, the word poeilivt, are Ireque 
employed in reference to induced currents. 

117. In experiments like the above, it is much more oonvB 
to wind the primary and secondary wires side liy side n 
a bobbin, so as to form a eoil, 
The wires are 
insulatid from each other by 
t coverii^ of wool or silk. 
Not only does snch a disposi- 
tion admit of very long wires 
being need, but it also disposes 

s employed to greattr _ 
advantage, for each single torn 1 
of the primary wire acta 
only on the corresponding turn 
of the secondary wire, but on 

all the tums nen* it Tlie inductive effect of snch & c 
mach greater than that which would be obtained hy the 
" ■ » nuining side hy side in a straight or cro 
line. It is cot even necessary that the two wires be W 
round together j each may be wound on a separate boblnn 
* placed inside the other, as in fig, 110. Thepti 
eoiJ, P, here reprcseiitetl, is made of wire Vi^h of an liu 
diameter, covered ■with wool ; and the soeonJary ooQ, 
silk-covered wire, about ^th of an inch, and much longer 
the primary wire. With two such coils, the iUnstrotJon < 
" " " ■■Of iBdnBtitav tB»'b» a 




y cq3 be pluceJ in tlie circnit of a pJvaniu iiell, 
I and flexible wires, bo as to allow of ita easy 
f the terminal bindiiig-acrewa of tlie setondury 
tplaoed in coimeetion with u gnlTanometer, when P ih 
td into S, a momentary inverse current is indicatml, oiid 




Fu. 110. 

""^ it is removed, a niomentaiy direct one ; (ji if, when P 
"' 11U9 in 8, the strength of the primary currunt be altered, 
iieedle aimouncea the induction of currents according to 
iiiiadples stated above. In order, however, to obtain the 
j'^^t effect from thu secondary coil S, it is necessary, whilst 
i^mMns williin it, to Imve Bome means of oontinuoiialy ' 
'li'li'tjng and breaking the primary current. A oonlrivance 
' iiaa purpose is called a rkeotome, or current^hreaL A simple 
liijHie may be made of a common file, by holding one wire 
'I tlie batteiy against the end of the file, and running the 
'■'■'' along the teeth, the current being etopped eai:!i time the 
''-'-'' leaves a tooth. In this way, a m])id series of inter- 
;'liims \i effected, each of which is attended by an inverse 
i ,1 direct current iu the secondary wire. A break of tie 
!i;" lieacription, but more constant, may be also made by 
i-iiigametal spring to press agniii.it the teeth of a metal 
■el, both spring and wheel being connected with the 
Ilia wheel is turned 1 



breaks the contact each time it slips fmm one tooth to anott 
The most convenient form of hreuk, Jiowever, is one wHel 
i self-acting hj the action of an. electro-magnet, irb 
receives the name of a magTieUc hamToer. One form of I 
instrument is Ehcwn in fig. 111. 

118. Quantity and Tension of Induced Qurrents. — Let ns pi 
the ooil P within S ; let P, olong with a HoU-acting rheobri 
i.be put in the circuit of a gaLvanic cell, and let S he conneo 
■ with a galvanometer. The interruption 

it heing etfected by the rheotome trith great rapiditji,' 
iiduced inverse and direct currents are sent with correspoi 
ii^nipiJity through the coil of the galvanometer. If this 1 
be of a short and thick wire, so us not to tax the tenaioa 
the cuTieiit transmitted, the induced currents will not defl 
the needle ; or if they should happen, through the nnstea 
action of the hreak, to do m, it only oscilliLtes rouiul 
position of rest. This proves that ilte ptantily of electric 
tranmiUted by t!ie induced inverse and direct cia^vnti m thi 
for they each exert the some influence on the needles, 
the coil of the galvanometer constat of a long fine uriie, ( 
is kept deviated Jn a direction which argues the add 
l.of the direct cuirent This leads us to conclude, that i 
■MOTeats, ikovgk equal in quantity, are wnequai in f#iuum,i 
direct eamint haidng Ike highest tmisiori, fbi it has more p 
to force ita way through the fine wire of the galvanometer ti 

r proofs of the same principles niay be ei 
farnished. 

s found that the eleclro-^motive force of current it 
(other things being the same) it proportional to the t 
cf the priToa/ry current, and lo the nwmbsT of tv/mt it 
teeondary coil, hnt u ind^iendent of the candvcting power 
ths jnetal of the ucanda/ry vfire. 

The difference of the tension of the tivo induced cntm 
is accounted for in tliis way : when a chaziga takes placa 
the primary current, the quantity of the electadty iadju 
by it in the secondary wire is the same whether thin choi 
takes place quickly or slowly ; the tension, however, is vt 
different. When the change takes place slowly, the t 
quantity of electricity in. cimolaidim. « 
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ilowfy, and there is little in motion at one time ; but when 
the same occurs quickly, it is sent with momentum, so to 
speak, and the quantity in circulation at one time is as much 
greater, in comparison with the former case, as the time is 
shorter. It is this quick dispatch of electricity which consti- 
tutes the tension of the current. Now, as it takes some time 
befoie the primary current is fully established, the inverse 
induced current is slow and of low tension ; but when the 
contact is broken, the primary current ceases much more 
suddenly than it began, and the direct induced current is 
quick and of high tension. This view of the matter is borne 
out by experiment, for it is found that whatever favours tJie 
wddenness of the changes of the primary currenty heightens tlie 
tension of the currents induced hy tJiese changes. The break, 
from, this circumstance, forms an important element in the 
constraction of aU induction apparatus. 

Iron Core of Priinary Coil, — The inductive power of P, fig. 
110, is immensely increased by putting a bar of soft iron in 
the heart of it, or, better still, a bundle of iron wires. The 
iion wires must be insulated, which is sufficiently effected by 
the rust that gathers on them. In a solid bar, currents arc 
fmned which impede the sudden cessation of the primary 
. eorrent. These, however, cannot be formed in the bundle of 
insulated wires. For the some reason, no tube of metal must 
be used in the construction unless it have a longitudinal slit 
in it, making the section of the tube a broken ring. The 
use of this iron-wire core in all induction apparatus, 
makes their effect m ore a ttributable to magneto-electric 
than purely cunjpl^jJffuJtionr The excitation of magnetism 
in the core ia rfe^principal aim of the primary coil, and as a 
strong cnrxenf ig essential to that object, it is made of thick 
wire and of moderate length. In the secondary coil, the 
tension, of 1^^ induced current alone is aimed at, and mth 
this view i^jg made of as thin wire as can be made, so as to 
admit of a^ many turns as possible being brought within the 
inflaence u^f tbe core and primary coiL The electric confor- 
mation o£' ^he secondary coil is sometimes looked upon in the 
flBmd licM. as that of a galvanic battery. The total electro- 
motlva fu^ce of the coil is the sum of that oi aSl ^'i \^52cq& \a. 



! electro-K 
I liftttery is proportionate to the muiibar of cells, 

~ 'd Omrmil. — Not only does a galvwiiccnntaitiiu 

1 olectridty in a npighlinaring uircait, but it also acta a 

tiraly on itselt When contact is broken iu a batteiy ei 

' the galvanic apark is Been. When the wire is Bhort,the< 

IS feeble, htit it increases in brilliancy with tl)c lengtlin 

jirouit, and this hecomes paiticnlarly observable vtelb 

wire is wound round in a coiL This certainly does n{4i 

faiai the current being strong with the Jong wire, a 

I -with the short ene, for quite the reverse is the case, 

[ "be shewn with the aid of a galvanometer. Tho real 01 

' the superior brilliancy of the galvanic spark with ttM 

is to be found in the induction of the primary cB 

on the vnrions parta of itself, exciting, as they are coUm, 

curmiU in the primary wire. It has been fullj &Uedl 

espeiiment, that at the instant a galniaac tyarraii itgk 

aide, eiira, airrentt are imliteed by the aetion ((f At: • 

I yorts 0/ ite cireitif upon each, other, that at the h ' 

; of the eurrnit being itivfrse, and that at the mt 

U Aa the extra current inverse acts opposite to tb^; 

cncrent, it does not appear as a separate cuireuti 1 

retards the instantaneous passage of the laala uurrentt.^ 

[ extra current direct succeeds the nmin correirt, 1 

consequently a. Ecpamtc existence. It 13 'what is j 

referred to when the extra current is spoken d£ Thi» 

current ia of much higher tension than the original C 

1 The effect of the extra current on the direct induced K 

of the secondary coil is to lessen very deddedly ite tC 

' If a way be made for the extra current, the t 

t falls prodigiously. In a large 'fo 
which gives freely sparks of one or two inches ii 
the two portions of the break a! 




i object the sbaorption ot Guppression of the extis 
t, Tjut the niBniier in which it effects this is not yet 
Ky enplained. Tho prejudicial effect of the eitra 
D the induced Lturent is easily understood, when we 
p mind that it prolongs the cessation of the magnetism 
e and of tie curnint in the prinmry coil, and thus 
dog the saddenness of this change, reduces the tension 
le induced current. 
120. Induction Coil. — The essential parts ot this apparatus 
Iiave been alreadj' described in detail. A primary coil with 
Its core of iron wire, and a secondary coil exterior to, and 
iiL'nJflted from u primary coil, form the main portion of the 
instrument. The primajy coil ia connected with the poles of 
s galvanic battery, and in the circuit & rheotomc is introduoed, 
lo effect the interruptions of the current essential to its inductive 
^OD. A commutatoi and condenser are also essential parta 
WuKted with the primary circuit. 

The Theoloiiti ia shewn in fig. 111. A is an iron plate, into 
' '.!( li the ends of the iron wires forming the core are fiied, 
iiii which serves as an anyil for 
■'■'■'■ liammer H. U has for its 
i!l the stiff spring D, which keeps 
'lilt, and also forms part of the 
iijujy circuit, p is a little pro- 
■■imgnipplG tipped with pktinum, 
' '-1 a screw, the end, p', of whiclt 
" uki tipped with pktinum. C, 
™ upright brass standard, also 
'"Hiia part of the ciicnit. When 
'■lie drouit is closed, A becomes 
I'lagaetic, and draws awiiy H from 
/ The primary circuit formerly frT"^ 
dosftl Ht p and / ia now broken. ' — *^^ 
* hma its magnetism, and H, 
l^du the influence of the spring D, 
" Ukea back to j/. The circuit is again closed, A again 
'''Wiiiea niugnetic, and thus H ia kept oscillating with great 
npiJity between A and p', alternately opening and closing the 
'~~ greiicuit. i is a Gcrewgivingt«BtiheaeceB£a.T^«ti&u!«it^ 




Fis. m. 



T)i« eomrmitator connstA of u cylindfT Of trvj, 

I l)raB9 platra attHuhed to its eides, moying im H 
axiM, supported by two bruss standarda. One ii£s 
not go thnnigb the whole way, so that two distinct pie 
a aB an axis. One of the Etandards is conl 
with the +, the other with the — pole uf the battery. ■ 
plate CDmmnmcBtes with one of the Btandarde, so Iht 
plates form the pnlea. A Bpring pressea against the cjl 
a the plat-ea or on the ivory. Tliese springa fon 
nf the circnit ; when the springs pre^ against tlie pli^ 
turrent Howb, when the plates are raveiBed by a I 
Httached to the cylinder, the current is rcveraed. 

The cmtdemcr cDnsistB of tteveral sheets of tinfoil tind 
silk, laid alternately t)io one above the other. The 
thitd, fifth, Sec sheets of tinfoil ore connected hy eti^ 
J material ; so are the second, fourth, sisth, 4o. 
A^hole forming a condensing apporatas like a LeyiU 
the odd sheets forming the one coating, and the eveui 
the other. Each set of sheets is connected with one ^ 
vires of the primary coil. The condenser is generaUyj 
D the Bole of the instmmcnt, and does not meet the (tjp 
An. induction coil, as constructed by Ladd of Le^ 
rejiresenledinfig. 112. The forms ondcr which the ii ' 




appeals ore very various, and the oi 
to shew the general lequiFements t 

[ two bindJDg^crew^ 

[ the commntati 
'e-of the at 



at ebewD. '¥! 



it and out of vi 

ctul, is likeviie not el 

B tiontained by Ike box which constitutea the <iol 

E conducting connection ia establiahed b 

d tbu wirFts of the piiraaiy coiL The tenuinalioni a 

J coil are lixed to tho heads of the glow pilloR 

I are fonushed with pointed rods cajmble ( 

il motion. The exceUence of the inBtruinent depend 

B proper itieuhition of the secondu; coiL Tho hobbil 

rt) be mode of ghiss, gutta-pemba, or (beet of all) vulcamt* 

i to prevent the induced electricity from reacliing t 

I by the primaiy coil. Care miiat a!eo be token I 

E tlie dilferent parts of the eccondary coil from e» 

}f this were not done, tlie epark which completes tj 

f cuFrenl;, instead of taking place at the roilx, ti 

it wlucb it U wanted, vonld pasa within tlie coil iUell 

1 conBcquence, to have each layer of the a 

i from the otliw, by interposing gutta-percha pnpe^ 

it with a hot iron, to the aides of the bobbin 

^ indneed cuirent mnst thus paas through all the tume a 

i prevented from shortening ita course b] 

or more layers of the coil (See page 265,) 

. Saperimen-tt with tke Induetiim CoiL — Say that v 

Lt with a. coil like the one shewn in fig. 112, aboiv 

it long and nearly six inchea in diameter, which yieldi 

rka of from four to five inches with a battery o 

1 cells. After connecting the b(itte:y wires, aai 

g the commutatoc so ns to complete tlie contiict, let n 

e movable loda within an inch of each other. An 

npted meh of spaika is transmitted between the pointi 

ds. The Bpiuks are not the clear single sparks 

D machine, but aeem to be mode up of several eparki 

ing at the same instant, which are white and crooked 

:e enveloped in a luminoua haze, oc aureole, which can 

n sway by the breath, and thereby separated from th( 

■ ipark which cannot be so removed. The anreole ii 

1 by the poles of » powerful electro-magnet, whilst 

tta spark ia not aifected by it, Aa the rods are with- 

I Irom each other, it diaappean, aikd vb.ea Uuq f 



aUu£Sj|H 



Bibove three inches apart, the apark resembles in everf re 
Khe forked single epatb of a powerful electric niaclibe. 1 
Hthe points are withdrawn beyond ettiking distance € 
f brushes stil! play between them, which beuoine visible III 
^'darkened room. If the hand be brought near the miH 
f aected with the exterior end of the coil, eharp sting^g tga 

two or three inches in length, are got. The i«d em 
f .with the inner end does not yield them so readily, ai 
L is the eame whether it be the + or — pole. Each pole vtt 
I- induction coil is the seat of two cppaiile electri<'ilieft,ill 
K&Bting with each other, alike in quantity, but diffenug 
Vtension, and this accounts for the resemblances 
■between the coil and nmclune electricities. A T^dcn.^ 
pmay be chorgedj but not to the same extent as by the eled 
■ machine, if one of the wires be connected with the 01] 
coating, and the other hiought within an inch ol 1 
knob. The jar on being removed may he dischaiged 
the tonga (fig. 54). When the poles ok put in connect 
ynth. the coatings of a Leyden jar, and the xtointa pit 
within half an inch of each other, the sparks passing betW 
t the pointi are ranch more brilliaat, and the ehaip tD 
|> of the eimple spark grows into a loud report. The L^ 
I JBi effects a condensation of the electricity of each ^ 
I current, and each spark dischaige takes place in ahorter tj) 
L Bud coneeqaeatly with greater intensity. The cOTutH 
i tpark punctures paper and the like mth great facility, bfl 
I IB of very low heating power. The imcondensed spark, n 
Lparticularly the hazy spark, got when the poles ara 'I 
kjeach other, kindles paper, gunpowder, coal-^^ and o| 
Keombuetibles, with great readiness. The power of . 
Hdtrect induced current of even large induction coils to del 
l^e magnetic needle, and to effect chemical decompositioa 
[very insignificant. This shews that it is veiy much infs 
' to the inducing current in quantity, however much it K 
lie superior in tension. The physiological effect, on ths ol 
[ hand, is trenendons, and the experimenter must take c 
' no^^y^hiw any part of bis body to form the mediaa 
M^^^^Httion between the poles, as the shock BO got B 



I epatte, a very spleadid oH«t is prodtKcd. Tli« J 

« <9g (fig. 113) 19 eaplovcd to dispbj thii. It coBibti J 

n the shape «f an ^gg; «ilk an op^ ncA I 

, and ftnotber belov. BnM fittH^ tn stttched to 1 

The lower opening is fitled with * ttOf^tk, and e 

o the plate of «n aip-paHi{|L A hacm rod and b 

|b a short wa J into the tgg. The fitti^ 

' ' « are intended to aUow of a lod end- 

klsabaU passing ap and domi air-tight, 

A the two halla ran be conTenieElly 

ddiffetent distances. When the e^ 

luiialeil, and the viies from the c<>il 

i>sttsched, the one uboTe and the other 

n eitenils between 

f ItaUs, which is wide in the middle, 

it either eitreniilT. When 

^ '^lanstion has reached one-twelfth 

n inch, 08 shewn by the gangs of the 

np, black bands are s«en to lie 

feontaUy in the light, ao as to weur 

jr^^iearance of stiatification, as shewn 

These ocenr more readilj- 

a drop or two of tnfpendn^ alcohol, 

t have been introduced into the 

' Tlie cause of the stratiJi cation ia as 

a matter of Bpecolation. The ball 

1» forms the — pole is enveloped in a covering of blue | 

The glow, which ia of a beantifol mauve tint, appeara I 

d fenn the + ball, aiid reaches nearly to the — ball, f 

P iAich it is separated by a well-marked non-luminoofl I 

means of the coninmtator, these appearances at I 

n be instantly traneposed. Serving the same pur- 1 

^ aa the electric egg, there is a great variety of v 

~t hfltmetically sealed and ready for use at any time. I 

B having been first filled with particnlar gases, and then I 

1, exhibit lighta of various ■ tints, according to the gas I 

d by them. 

* EUetrie Ceketim I't^u.— Theae ua iioA te Qe'J 



Strethill Wriglit (1863). A clean sheet of glass is laid a 
plate of blackcneii metal, and a drop of liquid is placed on 
loiddle of it. One of the polea of the coil is connected w 
the metal plate, and the other mails to dip into the d 
When the coil is set in action, branches issue liom the d 
and Bpread themaelTes ovec the plate. The shape of the fi{ 
thoB formed is determined b^ the nature of the cohesion e 
ing in the particles of the drop, and between the drop andfll 
glass. Hence, when the Tarious acids and aolntiona of a "' 
me treated ia this way, we obtain aii endless variety of fi| 




Mica may be aubstilnted for glass, the figures fom 
being even more Tarious. A change in the figoie is a! 
by reversing the pole. Fig. 114, drawn by Dr Wright, i 
the + figure of cyanide of potassium on washe " 
coil giving a spark of ^tb of ati inch can produce these fij 
I They may be also shewn by frictional electricity. 

LB also obtained very large and fine figures by the eleetridl 

I of cleavage. He plates the drop on a cleat surface of fi 

I split mica, and breathes on it, when it expands into a fi^ 

Conductivity of FlariK, — When one wire of the coil is 

a Eunsea lamp, asA Uie other held hk sIj 



I'A a^iove the mouth of tliu bnmer, nu isjiaric p&ssca. 

II the lamp is lil, Ihey pass readily, ahewiiig flojue to 

t'onductur. Let ne now lift up the wire abuvc the &amt 

■ iiM the uparks agaui tease to paae. When common salt is 

' into the flame, the jparks instantly reoppear, sliewing 

' I he anlt heightens the ctmdacting powet of the flame. 

elfect of ealts in improving the conducting power of 

in- was firet shewn by Dr Wright (1863), 

' litonoiagy of Current Imhtclion. — The diecovety of tlie 

\ IT of electric currents to induce currents in neighbouring 

1 1 hii'.ting circuits ia dud to Fornday. Hia researches on the 

'<|i.'<:I, named by bjia volta-eketric induction, were pabliahed 

the PMoHophical Tranflactiona (1S31— 1832). Henry 

■ ;-2) otweryed that when contact woe broken in a long 

. :uiic circuit a bright spark occurred, which did not occui 

I 11 the cirouit was shoit, Tiiia was shewn hy Faraday 

- L'i4) to be due to the extra current induced by the various 

j-.'irls of the circuit on ench other. Bachhoffner Mid Stm^on 

(1837) shewed (he Euperior action, in induction apparatus, of 

■1 bundle of iron wires to that of a solid bar of iron. Henry 

(1S41) studied the inductive action of induced currents of 

lUfferent orders. Buhmkoijf constnicted (1860 or 1851) the 

fllst so-called xndwition eoU, the excellence of which was 

'Jiiefiy attained hy the proper insulation of the Bccondory coiL 

T'i/.i-an (1853) inereaaed immenetly the power of the coil, by 

viding it with a condenser. Of late years, coils of great 

.i;r have been constructed, rivalling, if not exceeding, 

1 1 1 l; most powerful electric machines in length and power of 



Leto-Electric Induction— Magneto- 
Electricity. 




idrinily includes nil p^* 
ise to electricity. Therd 
I when the current is io'l"! 
idiiced in oobuI 




Currents induoed hy If agneU la Coils of 'V 



If we had tlie means of 
cieasing or lessening the D 
HEtiam. of the bar, e 
would be induced tlie s 
those obtained bystrengUieii 
or weakening the caireot i 
the primary coil. It is 1 ' 
inductive power of 
moment that a change t 
place in its magnelii 
forms the basis of i 
electrittioachines. Thi 
in wliicb tbia is takeu adTantai 
of will be easily understood 8 
referpiice to fi^;. 115, NS bp 
[lermniient liorst'silicirt maguef^ 
9 be fixed ; fli^hfc bar of soft h 



Inobcd uyion Bs tlie aniiatitrc tit the magnet. CD is 

ii.ible of rotution round the axis EF. So long a( 
.1 tliepuaitioQ iadicalcd in thu liguie,iio currents are ituluced 
II ihe surrouadiug coUb, for no chango takes place 

,L;_'netimQ induced in it by the action of NS. . The moment 
;i.ii iLe poles of CD leave NS the m^netiam oftliesoftir 
' uiinishes as its distance from NS increaaes, and when it 
i .iida at right angles to its former position, the 
;.w diBttppeared. During the first quaitei^revolution, there- 

,M', the magnetism of the soft iron diimnishes, and this is 
^tiTided in the coil (for both coils act, in fact, aa one) by a) 

I i:iric current, which becomes manifest when the ends, e, i 

■ I the coil are joined ty a conductor. Duiiiig tlie second 
:i'.;ii1er-revolution, the magnetism of the armature increases 
,11 it reaches a masimmn, wlien its poles are in a line with 
. j.=a of NS. A current also marks this increase, and pro- 
: lis in the same direction as before ; tor though the n 

' I ism increases instead of diminishee, whidi of itself would 
verse the induced current, the poles of the revolving 

iLiiiiture, in conseijuence of their change of position with the 
iules of the pennanent magnet, have also been reversed, and 
this double reversal leaves the correut to move ns before. " 
ibe HOCOJid half-revolution the current aUo proceeds i; 
direction, bat in the opposite vraj, corresponding to the 
rf^'etaed position of the armatm^e. Thus, tn mu renolulion of 

■ 'off, iron armatare in front of Su piles lif a permanintmagnfC 

■ 'I ciirreji.fs are induced in ths coils eneircUng it, in oppoiiU 
ixdions, each toiting half a Teifolution, itarling from the iuw 

■ '.,dng thepoles. 

123. Ma^eto-electric Maeltim. — The geneml construction 
I n Mmple magneto-electric machine is shewn in fig. 1 
liicli is one of the forma of Stohrer'a machines. NS ii 

I .i?d ppniiunent magnet. BB is a soft iron plate, to which 
■ :ittached two cylinders of soft iron, round which the coils 

' ' niid D nru wound. CBBD is thus the revolving armature, 

. T-responding to CD in fig. 115. AA is a brass rod rigidly 
■uTiected with the armature, and also serving as the rotatii 

::]<.: F is a cylindrical projection an AA, and ii 

upon i^ two fodfUka ^diigs, li. a^j 
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■will be — . Snppooe, now, fbe half-revolution 
6 will be on «, and d od /, just -when the current 
flow ia the contrary direction, and tint tubes 
{US. Still, however, H ia -i- and K — . 
£ Bnoature is m&deto rcfolve with sufficient mpidit}', 
1 and Btfady current is generated, which 
s all the properties of the galvanic current Compared 
with the galTonic buttery, the magneto-electric machine is k 
readier, steadier, and cleanlier source of electricity, and ia, in 
consequence, ertensively used instead of it Magneto-electric 
machhiea may be made of any strength by increasing the 
number of magnets and the mechanical force employed. 

In the madiine just described, the amount of electricity 
induced in the coils is at a maximum just when the armatUK 
is leaving the poles, and at a minimum when it Btauds 
equstoriollj. The gradual cessation of the magnetism of the 
core in the Itrst quarter revolution, and the gradual acquisi- 
tion of it in the second, prevents anything like an instan- 
taneoua stoppage and comiueoceroent of the current in the 
half-revolution. The current is thus tolerably continuous, 
and when the velocity is great, it is nearly uniform. Henoe, 
when it is sent through the nervea of the body, which are 
affected by sudden changes of current tension (99), a slight 
effect only is felt. When, therefore, physiologioul effect ia 
wanted, a break must be effected in the current. This is 
done in Stdhrer's machines by making the half-rings overlap 
a little, BO that, at tlie change of pole, when the current is 
atrot^est, the interpolar resistance consists only of the prongs 
of each fork reating on the two balf-ringa. Ah this resistance is 
indefinitely small, the whole of the current goes by it, and 
none of it by tiie body. When one prong of each fork leaves 
atiuultaneously its holf-riug, the current then passes through 
the botly ; and as the resistance of this last ia great, a partial 
etoppg^ of the current oi:curs at the instant of separation, 
which excit«3 an extra current in the coils of the machine. 
The tension of the eitra current ia high, and powerfully atfeets 
the nerves. It ia felt at each half-revolution. 

In large machines, several magnetic magazines are employed 
mlh « eorrmponding number of atiofttnwft VD.& t^^. "^O!*. 



Eoeils may ba arranged like the cells of a galvanic baBOJifti 
r>tBiuiun or for quantity. Fur tenaioit, tbey ace »iei$Bpi 
Iftaecessively, bo that tiiey form one compound dioiiti (fl 
■•flnantity, each single coil oi set of coils cobtiibule* In S 
Poommoii nirrent. The electro-motive force, reaistaoM, a 
■■(BniTent strength ore tbmied aa for a galvanic butterj {B^ 
f The thickneas of wire a selected according to the ohJMtiS 
W'&e machine. For giving shocks, or effecting chemitald) 
fjositbn, the wire most he long and thin ; for heating phitin 
Mrire, thicker and shorter. The electro-motive force il 
^Kth the rapidity of rotation. Dove has foand that in mgi 
^^Bto-electiic machines, vhere the current is primoiily ind 
^H' m^^netism, a solid iron core aa an. armature gives & b 
Bfeect than a bundle of iron wires. (See also page 25S.) 
P' Ckmioloffjl of Moffntto-cUctrie trirei-macAinB.— Faraday (IBM 
W ■was the first to obtain a current from a coil by n _ 

■ electric induction. Experimenting with a straight bat of in 
V'W the core of a coil, he obtained opposite currents irom ll 
B-eoil, according ob the bar was made to approach the pda 
W* horseshoe-mBgnet or to reoftde from them. ; with the o 
rtrithout the core he got the same result, though to a aa 
I 'less degree. Pidi [1832) invented the germ oi the macUl 
I iBfl now used. Improvements in the uonBtruction havo K 
I been introduced by Saston .(1833), Clarke (1836), I 
I {1844), Stiihrer (1844), and recently, by Siemens and F 
I 124. SHeetridhj induced by ths Magfuttiitn of th« T 

■ raraday wea the lirat (1831) to obtMn electricity ] 
Efibfl inductive action of terreatrial magnetism. ~~ 
[electric induction may be shewn by such an 

■ m that sketched in fig. 118. IS a coU, CC, be made 
Kwtat^ aa Bbewn in the figure, round a hotizoatal i 
Kand its ends directly connected with a, galvanometw, 
Kivill be found that, storting from a certain position, tax o 
rludf-re volution the needle is deflected one way, and i 
■'tiie other in the opposite way. Suppose the axis io liB 

■ ■ light onglea to the magnetic meridian, and that we plac 
E jlane of the coU at right angles to the dippiny-necdle, ai 
TMarting-point^ each, half-revolution w^^oMaii: 




Hending eastwanl, and tlip ascending half vcatward. 
e that by the intervention of a. commutator, as 
fSI ft cnrreiit in one direction may be obtained tlirongb the 
The maximum induction takes pluco when the 
ine of the coil ie parallel to the dipping-needle, for then 
" ^thG lineg of magnetic force at right angles. If the 
^the ooil ba placed horizontally in the m^netic 
1^ liie induced electricity will bo wholly due to the 
pmngnetic lines. If the aus be veridical, the same 
[due wholly to the horizontal lines. A comparison 
n produced on the galvanometer by a similar 
I these two positions may be used, according to 
^^ tion, to determine the magnetic indinfttion, 

■(IT) the tangent of the angle of inclination is equal to the 
rticftl divided by the horizontal intensity. If the aiis be 
rallel to the dipping-needle, no current will be obtained 
r last the rotation. Palnijcri, by means of a terrestrial 
1 machine, produced spark.^, sbockn, and tl 
b of water. 



Currents Induced by Magnets in Conductii 

[ 126. The MagncUgm of Eolation was discoveradf 
'i the years 1B24-5. He observed that wlien ■ 
lie was mrtde to oscillate imniediatcly above a « 
une sooner to rest than it did otherwise. The tfj 
3 made in tlie sanie time as when away froiBj 
bnt they were leas in extent ; the plate seemed thiS 
L a damper to the motions of the needle. This beinga 
I of the plate at rest o& the needle in motion, j 
[ ttiat the needle at rest would be iiifluen««d by I] 
Lmotion. Experiment confirmed this surmise. 
topper disc revolve with great rapidity under a n 
D. a membrane placed right over the disc, and g 
«ted with it, the middle of the needle being j 

E centre of the disc. As expected, the needle i 

the direction of the mntion. of the disc The deflectioiC.S 

needle increased with the rapidity of the motion, and wlm 

L zeached a sufficient amount, the needle no longer remailier 

f & fixed position, bnt turned round after the disc. This sA 

I «f the reToi7ing disc was attributed to what was then ca 

I tile 'Magnetism of fiotation,' and the name has lierai s 

L wtained. The explanation of this phenomenon was fiirt gi* 

r hy Faraday (1831). He proved it to arise from the k 

[ of currents induced in the plate in motion by the magiiet, 

126. The magnetism of rotation is only one of a veiy lai 

dasB of phenomena, in which the motion either of a ni^ 

ir a wire conveying a current induces a current in a neifl 

r during conductor, Lenz very conveniently sums np ths li 

Jtolding in all such cases, in tha following words: Whm 

Vrreitt it induced in a condnctar hy the moliore of a n 

r cwrtnt, or of the crniductor, the cKnent imiaccd fio 

I iu£h a diTeetitm that ilg action oppoKi th4 moOtm prodvei 

To take the simplest case, that of two parallel t 

i of which a current circolatea; let us bring dtJh 

r the other, an opposite current will be formed 

B where no current was at first {provided the cin 

, tto^^"^ 



f cnrrent will he to cause TepiUsioii, and impeile tlie 
a of approacli. 1 1 we separate the wires, the opposite 
' B place. In all the caaes of attraction and repulsion in 
idjnamica the aamo tiolda. Lenz's law maj be thiu 
' e put ; when a, conductor movea relatively to a current 
« ver$it, the directions of the inducing and 
I currents are the rereise of what they would he if 
B motion took place under the action of two primary 
a primary current and a m^net. 
h the aid of Lenz's law, we can easily understand the 
t at work in Arago'a revolving plate. Fig. 119 
BOte what takes place in it. 
" te, P P, may be regarded 
.0 four parts ; those 
f' which w, n.', g, i form the 
eentree. The part n approaches 
the north pole, N, of the magnetic 
needle, NS. In order to imptde 
the motion of approach, n must 
be forced to assume north pol.ir 
magnetism, the current of which 
moves, as shewn in the figure, pj jjy 

from right to left. The part of 

which n' is the centre, loaving a south pole, will be induced 
lo assume north polar magnetiain to impede the rotation 
of the disc. The currenta of n and ii' are coincident at 
their further ends, but in the middle, as shewn liy the 
dotted linea, they are opposed, the result of which is that 
one cnrreot circnlatea, as shewn by the continuous line in 
the lefii-hand side of the plate. A similar state of things is 
Mko found in the right-hand liol^ as shewn in tlie figure. 
The two main currents are coincident in the middle of the 
; late. It is this conjoined current whiuh affects the needle ; 
. ! runs in a direction a little in advance of the needle, as the 
:iihi^ivc power of the nragnet takes some time to act. it& 
1 1: induced current lies below the neeflle, the deflection, 
.. 'ording to Ampere's rule, takes place in the direction of the 
i; .ition of the disc. If the disc were stationary, the corrai 
iiu)iiiM4in UiejdBtes would 





of tbc needle. When cuts are made in the disc in tlia U 
the radii, it loses oliunet entirely its diEturbing power 
currentB formed in tlia whole disc 
take pliLue, and tho^ formed ii 

ABectora itre weak in comparieon ; liy filling 
the vacant spncea with eolder, the power 
neai'ly restored to it. Ah is to bo 
the . effect of the revolving plate depeadB 
the condauttng power of the material > 
which it is made. It ia owing to its liij^t 
ducting power that copper is bo much, nsed 
these experiments ; hence, also, it ia that 
is so much employed in the cosstmctiork- 
magaetic appiiratus. A copper compasa-bi 
instance, is uot only desirable, irom its 
&ee from iron, but it acts also as a diunpcV: 
r ^^ bring the needle quickly to rest when diati 

r j;^r^ ^^"^^ ^^^ 1*^' i^ applicable to all 
P^L when electricity is induced by the j 

IP of a nrnguet, or of a conducting 
11 It explains the magneto-electric 

I already described. We may quote only 

other experiments as iUustrationa of it. In 
fiiat eiperiment, a small cube of copper 
I 120) is hung by a thread to a frame, and placed 
the polea of a powerful 
magnet; the cube is sent 
rapid rotation by the twist oi 
thread, previously given it; 
instantly brought to a halt, i 
the current ia allowed to 
in the coils of the magne^ t 
it begins its motion again Wl 
the current ia turned o£ 
the second esperiment, a « 
of copper (fig. 121) is made 
rotate rapidly between the po! 
\ electro-mngnet, by means of a handle and in! 
^ wiieel-wotk tamed bj the ex^etimenter. 



Flf. 120. 
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current invests the soft iron poles with magnetism, the disc, 
movlDg freely before, appears suddenly to meet with an 
nnseen resistance, and the rotation continues slowly or not 
at alL If persisted in, the rotation causes the disc to rise 
in temperature, the rise being proportionatey according to 
Foucault, to the square of the velocity of rotation. As shewn 
in the figure, the approaching part of the disc has a south 
pole turned to s and a north pole to n. The receding part 
manifests the opposite polarity, both polarities combining 
to resist the motion of the disc. The currents marked 
with dotted lines are not the only currents. There are 
seyeral such currents in the same direction, extending out 
like w%yes on each half, coinciding in the line between the 
centre and the poles. Hence if a circuit were formed, 
including the radius between the centre and the two poles, 
a current in one direction would be constantly transmitted 
through it. This may be done by connecting a -wire with the 
axis of the plate, and by making a spring press on the edge 
of the plate, at the poles, so as to absorb the current without 
impeding the plate. To the spring a wire must also be 
attached. The two wires being connected with a galvanometer, 
a current in one direction would be indicated by it as the 
plate revolves. A machine of this kind, invented by Faraday, 
was the first form of the magneto-electric machine (1831). 



Measurement of Current Elements in Absolute 
Units— Work and Heat Produced by 

tlie Current. 

128. This system aims at measuring the current elements, 
electro-motive force, strength, and resistance, in terms of the 
absolute units of time, space, and mass. It is the most 
natural and rational system, and, for recording results, it 
wiU no doubt eventually take the place of all others. The 
British Association have adopted a unit of resistance, so as to 
fiicilitate its general introduction. In ^^ Tias^J^t^Asstka, <^i >Jafc 



dation tor the jvas lSGS-3-4, the subject n tmrf 
■Bgtk Here we can aalj give a general idea of the q 
(1 shew how it is practically applied. 
Vffinilions of Electro-^Tnagnttie UtvUs. — In any ^ 
tyttau the uuit farce ia detiajed as producing unit vebd^ 
a. unit of moss in a unit oi' time. Tn the Bntiah Attod 
^Btem the unitfaret is that which is c&pable of genetitii 
fl of one gramme s Telodty of one metre petft 
it Palis, gravity generates in the RUfs of one gnmi 
velocity of 9'808 metres per secooul, so that theire n m 
force is eqoal to g.^ of the weight of a gismme. At Lo 
gl&vity is 9'8I1 metres, bo thut the mass wei^hio^ a gfl 
tt Paris would weigh more than a gramrae at Loudon, ii' 
proportion of 9-811 to 9-808. Of course, if a gramme yif 
c from Paris ij} London, it would t&l 
looked upon as a. gramme, hut its downward foi«e> 'I 
lately conmdereil as tested by a yery delicate spring bill 
would be greater. The same absolute dcwnwatil fiff* 
got by a leas niasB at London than at Paris. I^sctll 
quaking, we estimate at Londoa the ma^ of a granudl 
-counterpoising a granune weight brought from Paris ii 
Ordinary balance, bo that tlio mass of gramme at Lvsoi 
B at Paris, although its downward force tacpit 
in the units jaat defined is different Masees being W6tt 
hj relative weights, uro eompsrahle all over the waMi 
their weighta or downward forces, ai'istug from the acti 
gravity on them, are not, and must be expressed in abl 
units to he comparable. The system we are deaa 
demands that all local ohaervation be expressed in an abi 
ot general standard, so that whe.u so expressed they m 
e compared. To save explanation, we may, bm 
look on gravity as constant, and as that at London, V 
iKong expressed absolutely, though the data giving the 
IomL The weight of a gramme is thus equal to 9'911 
(rf force. A unit of work is a unit of force overcflme t 
t ia therefon^Hkuof the weight of a g 
lused one metre, or a^^^^^B^ A imii of h 
quuititvxBHiS'^ ^^^^^^^^i^^^^'o^^ of o'^ g 




» mat of lieat, when coayerted into work, is (at Manchester) 
ci^ble of niiBUig 423'5 gmmnieB weiglit one metre. A unit 
"rf heat iti, therefore, equivalent to 423'6 x 9'811, or 4155 units 
uf fTork. 

129. A unit pals is oue which, at & metro diitan.ce, repels a 
niinihif luiit pole with a unit of force. The mass of the imit 
pole ifl that of a (ininmie. Here only one pole of a nu^et is 
Kfeireil to, the other being considered either to lie oat of 
the way, <ir to be so eimilnriy affected in the opposite way, us 
lo act in combination with the pote in question. A unit 
.^Hupulic Jkld is that in which a unit pole is repelled with 
: unit of force. At that part of the earth's Bnrfoce where the 
ii'ii^DDtiil intensity is unity, the unit pole, if free to move in a 
jurizontal plane, would acquire a velocity of one metre in a 
fiHCond. At London, the horizontal inteudty is such that the 
unit pole would acquire a horizontal velocity of 1'764 metres 
jier second. 

j'l nnit earrcU is one which, in a wire one metre long, bent 

M as to fomi an aru of a circle of one metre in radius, or, 

Ahich is the same thing, on arc of 57^°, would repel a unit 

pola at the centre of the circle with a unit of force. The 

whole cij«umfereiice of a circle, a metre in radius, is G'3832 

metvee, and would consequently repel a unit pole at its centre 

with 6-2832 units of force. If such a circle be placed in the 

L magnetic meridian, the deflection produced by it on a small 

ft needle at ita centre, as in tlie tangent galvanometer, is due to 

hn whole circumference, aa that the strength of tho current^ 

^bwanred by only one metre of it, forma only i-^g^^ part of 

^mff deflecthig force. A unit current in a straight wire, 

^^HRiring a metre, icpols another aimilur imit current, one 

^Bbs dirtant, with a unit of force. A unit magnetic field 

^HrU a metie's length uf a unit current held at right angles to 

^^Blines of magnetic force with a unit of force. Hence in a 

^^K mtagnetiB field, a metre of a unit current, forming an 

^^Bf GTi", and held in the magnetic meridian, would cause a 

^^^^^leedle at its centre to deflect 45°. 

^^^^^^ow an Electric Beditance may be expre»sed ai ait 

^^^^H FigJdiHtir.— Suppose, at any part of the earth's surface, 

^^^^BufM .placed jwrallei to eacb o^ltfit, w> tWi. Voa '^\ii&& 



5 llirougli them sball lie perpendicular to tlia uiu^lifM 
ian, or to the lines uf horizontal force. We may iMj 
B ruila horiionUillv, the one lying right tixnt: l^fllfl 
' that a Tad, standing verticaU^r, C(mn^^^^| 
rails, and can be did along without friction bet«i|^^^H 
Let the cmla of the roils at either termination be l^^^l 
with a rod of equal length ti] the elider, and let it b^^^^^H 
the magnetic meridian, or at right angles to the pUoM^^H 
the slider moves. Let this rod be bent so as to ionaJ^^H 
S7l° of n circle, the radius uf which must, be the leiig^^^H 
rod or of the slider, and let a sniaJl needle He soapende^BH 
centre, There will be thus a, complete conducting '''Hi 
funned by one rail, the rod, the other rail, aad the slid^l fl 
the tesietauce, moreover, throughout this circuit be the aid| 
whatever the position uf the slider iu the rails, or, wMftH 
the same thing, let the rails be perfect conductacs. Vrnm 
the sliding rod is moved, it cuts the horizontal lines of UH 
netic force at right angles, and a current is induced by tin 
in it (112, 126), the strength of which is proportionate to.ii 
number of lines cut bj it in a given time. The faster, IliBK 
fore, the rod moves, the greater is the current, and the gnMi 
will be the deflection of the email needle. When it ii uiufd 
with such a velocity that the needle deflects 45°, the cupm 
in the arc has ac<)^uired the smne power over the needle mV 
earth's magnetism. The current induced iu the slider it% 
Buch a direction that the vertical action between it aai U| 
earth's magcctistn offers resistance to its further motioiiffllj 
work therefore has to be eipended to move the alideK IU 
work expended in a given time, say a second, in moving^ 
^]Eod, is within the circuit equivalent to the eIei;trt>-motivB Cutf 
fa the'work done in producing the current. If the redetUI 
gi^hin the circuit wMch the dectro-motive force has to «M 
1 generating a current capable of causing a doM 
I, say of 45°, be small, the velocity of the slider wiU I 
jondingly email ; if greats correspondingly great. Til 
^ocity of the slider thus measures the resLstfuice of dl 

Althongh this arrangement, whkh contains the genu ot ll 
Teasojaoj^ cunuot be practiagU|^Bft|A^va,^^ ot^i ^J^ 



- con by Mloulutinn be reduced to it ^o fii aat ideas, 
. 'iii slider be a metre in length ; let it move, say, lOiOOtJ 
. ^ per second to cauBB a dofltctiOQ of 45° — that is, to 
..lie a unit current in the supposed circuit. The slider, ia 
I If; at this rate, describes an area of 10,000 squttre metres, 
Hiia ia themeaaure of the number of lines of force cut, or 
i! ■ inductive power of the earth's horizontal magnetiam in 
<'\p^nient, and it may be obtained, as in this cose, by a 
1 (jf a metre in lengtlrinoying at the rate of 10,000 metrea 
■ii.undjOrone 100 metres in leogthmovingwith yJnthpart 
iii- velocity — that is, 100 metres. Suppose, now, I wi^ to 
V the resistance offered by a wire of a ccrtiiin tliickness, 
.-=ed as a velocity, I bend 6-3B32 metres ot it into the 
1 of a ring of one metro in rodiuB, and make the ring 

I lie of rotation round a vertical, as it is in fig. 118, round 
lizontal aiis. The induction to which the ring ia aub- 

I .d in ita rotation, causoa two ojipoaite currents to traverse 

I m one revolution, the turning point being when the ring is 

i right angles to the magnetic meridian ; but since euch half 

liuigea its aide with each change of current, to an observeP 

lorth or south of the ring the current appeara to move always 

. (}!c same direction, and it consequently afTects a needle 

I '1 ni its centre in the same way. To reduce the motion 

i I :j ring to the equivalent motion ot the slider, we must 

■J the motion of the ring jin a vertical plane at right 

: -■. to th« m^netio meridian (112). The aemi-revolutioa 

iii^ sphere described by the ring projected on this piano 

:.i area included by the ring, namely, 3'141(J square metres, 

l>y a whole revolution twice this, or 6'2832 flquare metrea. 

II revolutions per eeeond produce a deflection of 45°, 
I llbctive area is 0S'832, which is equivalent to a metre 
r moving at the rate of 62-838 metrea per second. But 

■ kon the current from one metre of it, so that the velocity 
■0 ring muat bo 6'2838 times increased to give one metre 
lU'ct of the whole circnmference : the equivalent velocity 
;i^ metre slider must thus be 394'7. ~ 
.'2 metres of the wire in question is thus ^ 
1. and we can easily calculate the leng 



Ule B. A. unit (94). Here we have only given tli« u 
line of the pracess of estimating le^tonce Bs an 
velocity. It wa3 essentially by this method, which is Am 
Profeaaoi Thomson, that Mbbbis Uaiwell, Stewart, andJt« 
(1863-4), with abnoat perfect experimental and math 
ekill, measured the absolute resistance of a coil ii 
ring oi copper wire, and thence obtained a Diateml X'sln^ 
a B. A. imit. Should the material Etandord they found Wl 
ca damaged, it could be again renewed by. a new <]ete] 
tioD. The obtaining of a material from an abstract oi 
standard ii nothing practically new, for c 
got from the length of tie Beconda pendalma at I 
which req^uires aa much care aud skiU in its detenu 
as the B, A. unit. 

131. Belations of Ae Oamnt Mlemtnti to (Fori.— Area 
accordingly, we ejcpress aa a volocity. Suppose, asmt i 
metre slider moves with a velocity I pet second, and il 
current of the strength, s, is produced in a magnetic field o£ 
inlen^ty h, then the work, w, expended per b< 
it through I metres per second will he the velocity, I, mn 
plied by the product of the current t, and the inteasi^ 
the field h, oi w=Uh. Now, when I muasnres the r 
3 of the circuit, i equals k, then lu = i^I ; that a, 
work done per seoond by a current s, i 
equals the square of the current multiplied by the r 
, , We know from Ohm's law (96) that e, the electro-motive fi: 




; that is, die elect 
3 par second divided 



a equal to le. Hence w = m, or e 

e force is equal to the work 
e strength of the current 
According to ony absolute system, a unit of 
a is capable of transmitting a unit current against a 
imit of time. According to the British i 
1 system, a unit of electro-motive force is thas cap 
coming a unit of force through 10,000,000 = 10' jm 
' ir of performing 10,000,000 units of work in 
10^ electro-magnetic units of work are equivaJoot 
i-iW P^ "^ -'-'''' grammes in weight r^sed one 



!it of hEnt : benim Qx unit electro-inaUvc (otco in a. ciienit 

I riifflBtonoe one, produces in one getoud n'ss "f 10' or 240G'7 

"it$ of bent, oc aa juuclilicat as will raise 240U7 grammes of 

< :'L('r ]'C, It isfoand aho bj experiment, that a nmt carrent 

:!L. per sccotid, decompose 00092 giommeB of water, or 

'urate 17-2 cubic ceulimetreB of eiploBivo gas at the 

. ■lifierolnre 0° C, aad under u bttronictrio presauie of 760 

I .illimetres. This ja called tfta eleelro-chemieal egvimUnI iff 

i.'cr. Ab the chemical eqoivalent uf water is 9 and of zinc 

:! 'i in ench cell of a. batMiy generating a unit cnnent, 

1 1 1 J32 of a gramme of zinc is Jiasolved per second, apart, of 

iirse, from local oclioit. A reeiBtancc is thus expressed in 

: \'.'locit7, a current in units of force, and etectro-motive 

■ri-e in nnits o( work. 

132. Practiad Applicalion of the Abiotate System. — Two 

. . I i iiga ari: necessary Ui applf the absolute system — b tangent 

j;ilvainnueter, and the determination of the horizontal intcn- 

fity of the earth's magnetism, expressed in units of force, at 

ihe place of observation. This Inat for London was (January 

166o) 1'764. The formula for the tangent galvanometer can 

lie eoiUy adapted to this systein. T, in fig, 82, represents the 

horizontal intensity- In the position that the needle takes 

tip, the x>ortion of the horizontal intensity auting is T sin. d, 

and this multiplied by ML, the magnetic moment of the needle, 

gives ite whole turning force on the needle, M being tita 

strength of one of the poles, and L the distance between the 

poles. The electro-magnetic effect of the ring is represented 

by C, and in the defected position of the needle the resolved 

part acting ia C coa. d ; this, again, must be m.ultiplied by MTi 

to give the turuing force on the needle. Thus, CML coa. d = 

TML sin. J, oc = T tan. d. But C givea the force of the 

__wfiole drcumfetence, Prom this we must get the effect of 

:tTe of tlie current bent into an arc of a circle one 

a radius. K R be the circumference of the ring, ot the 

h of the wire coiled into a iing~for frequently the tan- 

fegalTanometer is conatnicted wiUi a coil of wire instead of 

bis acta at a distance equal to r, the radios 



B coil, C = - 



r S (strength) = -^ C. Thus, S = 



y „ tnn. J. When tlicre is only one wiro as in (he g«li 
Eometer described, S = tan. d. 

I In the instrument described in art. 96, r = 0'21 rartie 
utiiis, at Londuu, S = — gToo'^-^ t™- ^- If ^^^ cm-rent 
Hach as to moke d iW (taii.= 1), S will be O-OeSOS nldU' 
^ferce, wliicli is what one metre of it con effect on anotba n 
Htaurent, or on a unit pole situated as already nientioned. '11 
p«niTent, in one unit of resistance, prodnceB (0-06B95'l* Xtl 
I 34751 units of work per eecond. In a stationary i ' 
I bowever, this work cannot be performed, ao that tt takea 'fl 
[ form of heat. The units of lieat generated by it are ^-06891 
I X 10' -^ 41S5 = 8-3836 -, that is, that the heat prodneea p 
I second by this current in a unit of resistance is capaUfe : 
F raising the tempemtuxe of 8'361S grammea of water 1° CL in 
LiMCond. This current will also decompose O0SS95 X (KUI 
|, grammea of water per second, or 60-6 cubic centiiaetrM oE| 
f per minute. On comparing the lesnlla on this qratem. m 
r that of the electro-chemical units adopted in art. 96, itmuit' 
I l>ome in mind that the whole electro -magnetic effect (^ ( 
F ring WHS coupled with 60 cubic centimetres per minntd 
L the expression S = 60 X tan. d ; whereas in t' 
y system, which requiiea that 57i° of the ring produce 
['deflection of the needle, this expression would be S = 

L X ■ Tg-, B in the fonner is therefore 6-2838 times S in 
Bbttev system. 

B Let us now ascertain in absolute units the clectTO-tnoli 
HbTC« and liquid reaiBtam:e of the Bunsen cell mentioned. 
Hnt dB. With no interpokr resistance, the strength. 
I" tlie current, as shewn by the galvanometer (d = 53J*) 
r (H)7860, and with one a A. unit interposed (d = 13^°) O-OIJ 

\ consequently, by Ohm's law, 0-07SQ=^, and 0-0131 = =-^ 

' l-f 

■whence s = 0-01572 of the B. A, unit of electro-motive for 

L (10' units of work per second), and i = 0-2 of a R A. unit 
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of Daniell's cell, the most constant of all, is given by Joule 
as (h01073, and by Bosscha, who adopts it as a unit of 
electro-motive force, as 0*010258 of a B. A. unit. Both of these 
rather exceed the value given in article 85, which is, on 
reduction, 0*0094. 

The system of absolute measurement is entirely due to 
Professors Weber and Sir William Thomson. Weber (1851) 
first proposed a system of absolute measurement ; the sugges- 
tioii was immediately taken up by Sir William Thomson 
(1851), and the relations of the current to work in the system 
were first shewn by him. 



/ 



THERMO-ELECTRICITY. 

Thermo-electricity treats of tlie currents that atiaa & 
[ luating the junction of two heteiogeiicoaB coiuluctoie. > 
I'OUTeiitB can be obtained in many trajB, but we dull b 
I tsmply indicate the more important. 

33. Thermal Ourrontt with una MetaL—T^e a « 
V <cat it in two, and fix each half in one of the bitidij 
I «f a galvanometer. Heat one of the free ends to s 

a it against the other, and a current will be j 
[■ paeaingat the Junction from the hot to the cold ei 
libf the deflecting needle. The eame production u 
L by heating one piece of wire, and bringing it 
r a cold piece of the same, ia more decidedly shewilV 
a of the same platinum wire attached t4 t' 
's of the galvanometer. To inc 
E tact, the free ends of these wires are coiled into fl 
[ One of fhe epirala is heated to ivduess, and preMi 
her, A current is then formed, j 
the cold wire. In almost all i 
' of the same metal at diiferent temperatniea i 
cnrrent is produced, the direction of wH 
a the metal, and even on the Btraeture of the st 
Ourrents are also obtained when two portions of ■ 
r piece of metal hare different structir 
jwint where both structures meet is heated. If, for 
one piece of wire be hard-drawn and the other part « 
when the seat of change from the one to the other ia b 
current ia produced. Thus, if a hard-drawn w 
partly annealed, and the separation between the two pKAt q 
heated, a current passes at the junction from the eoft to tf 
hflfd part. Or if the whole be annealed, and one part of itd 
hammered, the hammering makea the otlier ]iiirt Imrder, 
it, when the junction ia heated, [KL ■ :■ 

I. to the haid part. The direction of tV^ > 
^'~ rent metaSa in these ciroma 



of itnicttire introduce J by the twisting of a portii 

1 current to flow when the wire is heated in the 
inity of tlie twist. Thus, when a knot is tied on a platinum 
IT when part of it is coiled into- a spiral, a cmrent passes 
fnji towards the knot or coil nlien the dome of a spirit- 
Bp is directed on a portion of the wire near the knot or 
The twisting, in this case, acts ns hardening or 
g would do. By running the fiame of a spirit-lamp 
a metal, it freijuently happens, more especially if it he 
ac^rrtalliae structure, that currents are produced at certain 
These points are supposed to indicate a change in 
1 bar of fused antimony have its ends con- 
d with a galvunometer, and examined in this way, iieutral 
■e generally found. The flame of n lamp generates a 
"torrent near these points, always paBsing towards the point, 
and changing in direction with the change of the aide on 
which the flame is applied. Bismuth shews neutial points, 
l.ut the current always goes from the c«ld to the hot part 
,1 roBs the neutral point. In bars of these metals which are 
I ij-sUllised regularly and slowly, no neutral points are found. 
134. Thermal Currents imth two Mitats. — A current ia 
ilwaya obtained when the point of junction of any two metsla 
is heated. The two metals which shew this property in the 
greatest degree are bismuth and antimony. When q 
a bar of antimony, A (flg. 123), is soldered to a bar 
of bismuth, B, and their free ertremities are con- 
nected with a galvanometer, G, on the junction 
being heated, a current passes from the bigmuth 
to the antimony as sliewn in the figure. When S 
is chilled by applying ice, or otherwise, a current 
is also produced, but in the opposite direction. 
Sach a combination constitutes a thermo-electrio 
pair. Applying the same mode of explanation to 
Ihia pair that we applied to the galvanic pair 
I (j4), biamuth is -(- within and — without the pair, h ^ ^.j- 
LiiUmony — within and + without the pair. Bis- j^^ jjj 
: iiith thus forma the ~ pole, hut + element; 
intimouy the + pole, but — element of the pair. The metals 
limy be dlaased ia thermo-electrio iurt 



I idieniical order. The following table j^ves them in tbis a 
" D direction of the arrow ehewing how the corrent ^ 
L wittiin the pair : 



i 

ihlilsiisiSiiiSad 
■< 

The order and numbers in tiis table are tboae given, by B 
r Mttthiesflen. TUe numbers give the relative electro-n 
8, and are calculated on the scale of copper-silver ai 
! greater the differeace hetween the two unmber^ t 
■.greater the electro-motive force. When two niBtala witli d 
e OEBociated, the differeace of the numbers ^4 
■ file electro-motive force of the pair, with diiferen t dgns the n 
F^tiB the electro-motive force of a bLsmnth and e 
I jair is H5 — (— 10) = 35 ; of hismuth-coppBr, 2B - 
L of iron-antimony, — B — (— 10) = 5, TeUurium, from I 
f jarity, cannot he practically employed. The structurB i 
m Tiuiity eierciae an important ininence on the electro-mi " 
I Joree. The niunbera of bismuth and antimony in the toll 
KFe given for those metals when cast. Commercial j 
wire of bismuth wonld stand es 3C, and antimony m 
perature haa also an important influence in determiTiing s 
I table. The order and uumbera given are for temper^ 
f tetween 40" and 100° F. For other temperatoreB, the t 
\ would be different for several of the metals. 

It will he seen that metals like bismuth and antimoi 
iich have a crystsllino stmoture, are best suited for a tl 
hlectric pair. We found (26) that tourmaline, when heateJ 



hlMt 



g power like the mutala jait luuned, we mi^il 

it n lii^rmo-C'loctritt cui'runt lEutvail uf i 

s prubaLle llml (Jin cryntiiUiiiu Blnictura, haw' 

tor the sppenrancii of elcctricit}- in Uitti caxt. 

Battery. — One biEiDiitli-aiitimaii]' pair 

power. To increase Itiii), Mvetal r; 

are associstcd together, na ebewn in 

13, where the »ame teiiiiuii-«niuigu- 

is adopted 09 in a golvuuic battel?. 

I this case muat be applied only 

of soldered foccs. The corrent 

the difference of tempera- 

' the two sides. When a strong 8 i 

is required, the one eeriee must be 

ice or in a freemig mixture, whilst 

er is eipoaed to heat nuliatiHg from 

rhot plate of iroD. Aa in the galvauic h e AT 

e electro-motive force is proper- *' 

to the number of pairs ; the size of tha bars, liko 

I of the gulvanic ^tes, nierelj aiding t<i diminish 

listance. The electro-motive force of a thermo' 

battery is small ; according to Dr Mfttliieasen, that 

llHemntb-toUiuium pairs eqaalling one cell of Daniell'i 

when the one series is kept at 33" F. and the other al 

In consequence of the low electro-motive force o 

DDo-electric batteij, the galvanometer to be used wit! 

t introdnee as little reaist- 

t.as is consistent with the 

A on the needle. Hence 




s called thenuo-galva 





fflOfid witiL iMri 

«nd the fin 

^ «ff MHecoodnofciiig n 



beirt Wheal 

«ff vlidi IB equable all i 

if iMit be ndiated ma 

If the hm 

acnzreiit ind 

eff ioe be broog^ ai 

^ lin <if|Mute way.' 

if *i Qthmnie OmrrmU 

1ft As janBtkmof tv 

i ^bift if a gthranie 01 

tk or cold 1 

bfe^fetet Wlmi a a 

AewniiL^i 

i._. ^> « .c ^ ^>«« ndi of bH 
t^ MMMK*^ «Mi ItendL tt tiie jvi 
^ Ifr «tfumm^.. ;*m£ » TmenMii : and ai 
I I xiNiv SNitt. tiiBiiiB i Mji 7^ bosszith. beat 
1 M :sugan»^ iRSOic Vf Toaoeii in a boll 
^^ ;:itaAr SmtiOUQ^ jinak^ «? 39^ F^ it 
. V VaiainHi anaaoL ^aais: dir i4-iLgL! t paasea 
N^. :r\ 'M ^ifimjuaL v ;^ josaiaai^. When tbe 
^ :siint ^ ^kMi} Tvq' s&ibjf s re rzto tbe b 
3a ;iir ^Ski»3iimM«ir. «? uas a cedent e 
iWttfi uuvttipi ife iit «ddMr vsr, tbe air ez 
wbea ibd cwsNttfe ^j(m» ^.mt ^alBaa^nT «.> lecr^sh. bod 
laacte wbttfL ifc j^oiaa ut ts^ op pqg iJ » vser. Ft:vezfi3l ea 
uiUit IMC lh» iMeU» odbKwiee beafi vill b« pcodiaeed at a 

jUiicdiQUii. 

X«>biii iiiveuced thte tbenao^diffctrn: pil« 'IS^} : Pdtier ( 
niNt Mbrierved tib» thuyHttal etfecti of gahaak cozxcnti i 
juiictuHJt of htftew y iioqft coodaetoESw 
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I eUetro-plating, \ 



, APPUCATIOHS OF CURRENT 
ELECTRICITY. 
Electro-Metallnrgy. 

L Electro-metnllurgy (Ft. sahimoplatlie, Clrr. Gahaivy- 
lilt) ia the art of depositing, elcctTO-chemiaLllf, a coat- 
it metal on a anrfacfl p»ep(ffed to receive it (102, lOEJ. 
axy be divided into two great divislona — clectrotTpe 
" , gilding, &c — the fonner including all 
V \he coating of metal baa to be removed Ironi the 
« on which it ia depodted, and the latter all caies nheie 
1 permanently fiied. Gold, platinum, 
t, copper, zimc, tin, lead, cobalt, nickel, can be depodted 
rclyttcally. 

rttjps — the art of copying seals, medals, eograved 
Ainents, &c, by means of the galvanic current iit 
e especially copper. The raauner in wliioli this is 
be beet anderstood by taking a particnlar insUnce. 
re "wish to copy a seal in copper : an impiesEion of 
[t taken in gutto-percha, scaliug-wai, fuaible metal, or 
« which takes, when keaWd, a sharp impreaMou. 
mpreaaion — say, in gutta-petchu — is still soft, wc 
e into the side of it. A3 gutta-percha is not a 
uctoi of electridtj, it is necessary to maku the side on 
b, ihe impression is taken condncting ; this is done by 
over with plumbago by a camel-hair bruaU. Tlu! 
:t altuched to the tina pote of a weakly charged 
I cdi, and a copper plate is attached by a wire to the 
e of the cell. When the impression and the copper 
i axe dipped into a strong solution of the sulphate of] 
er, they act as the - and + electtodea. The copper 
i solution begins t« deposit itself on the impreraion, 
t the black-leaded surface in the vicinity of the con- 
\, then it gradually creeps (wet ^'nit ■^\isift wsa- 
oe. Altee a day or two,l\ieim'pesiftiiiv\4\;is>S 



; and tJie c«ppei deposited on it, wbidi bus now 
►ft tolerably Btrong plate, can Le euaily removed by 
the point of a knife betweeu the impression and the edgBi 
the plat*. On the aide of tliia plate, nest the matris, we Iwi 
a perfect copy of the original aeaL If a medal or coin is tft] 
taken, we loay proceed in the same way, or we may takoll 
modal it£elf, and liiy the copper on it. In the latter casB) t3 
first cost, BO to speak, that we take of each face 
shewing depiessbna where the medal shews relief; but' 
is taken as the matrix for a second copy, which c>ti 
* leaemblea the ori^at The adhesiou. between lUe UH\ 
" "jght, and they iiiii bt easily separated, The cell of » " 
ifl not needed to eioite the a 
A galvanic pair can be mu 
of the object to be coated 
piece of zinc. Pig. 136 shews 
tliis may be done. B is a gt 
vessel, containing sulphate of 01 
per ; A ia another, supported 
E by a wire fcame, and 
a weak solution of eul|iburio 
The glass vease!, A, ja witlic 
bottom, but is closed below tgr 
bladder. A piece of zinc, Zf. 
put in the snlpburiu acid, u^i 
, D, coated with insulating vaniish, eslablialiea i 
n between it and the impression, 0, which is lai>) 
« bladder. Elettrdtypo is of the greatest importance in i 
i by means of it, engraved copper plates may be mil] 
jlied indefinitely, so that proof-impresaious need be no noil 
i converted into copper; bronzes oflu 
; and several like applications are made of it I 
> mention. By connecting a copper plate Ml 
for corrorion with the + jiole, and making it a -j- " 
it wui be etched with more certain^ than with the 
auid, and without the acid fumes. 

137. EUctra^latiiig.—T]aa is the art of coatingthi 
h silver by the galvanic cu 
iofilM^f bat letiuires 




idermtile <ixprrienr« nntl dtitL Aitklo tto am 

1 am generally maile nf inxm, hfxiair; cnpprr, a 

TV bert eloflrivplaio! ga>i» »ir -f nkkvl 

•n Britannift metal, (ron, rin^ i.-r I'-ml ar" ctoctn^ 

1, they mnst lie flmt clafilTiMorrpervl. ii« sikcr il>*t 

I lo the bare enrfartw ul Ihew nieUK Urtnt i-a 

■ in cleaning Ihe ottidea jireviom lu dcctroplatiDji, tie 

a tmptritj would spoil the tiueca of the opmtinn. 

^ sn fliet boiled in canstic potnsh, to remove nay lulhrring 

[ they aro tben immcwed in <ianfij nitric «cid, i 

■6 any nut or oxide that may be formed on the aur(ac« ; 

e lastly Bi^onred with line Eond. Before bang put 

! silvering bath, they are washed with nitrate of 

r, which leavea a thin film of mi-iairy on thnm, and 

19 a cement between the article and the BilrPr. Tito 

e the electro-plating take« place ia a Wt^e ttungU ut 

r other non-condncting aubetance. It cuntaiiw 

n of cyanide of silver in cyanide of potassium 

port!! ; cyanide of ixttAssiiim, 10 parts ; cyanide of 

1 part). A pliiCe of silver forms the + clectroile ; 

Ides to be pkt«d, hung by pieces of wire lo a metal rod 

BB the trongh, conslitnte the — elettrode. Whou 

H connected with the copper or + |)o!e of a oi 

.^ oelted galTanic battery, according to the Elrenglh 

., and the rod is joined with the zinc or — pole, 

1 decompositioii immediately ensues in the bath, the 

'le eyanide b^ns to deposit itself un the suspended 

d the cyanogen, liberated at the plate, dissolves it, 

the cyanide of silver. According, then, ns 

s weakened by the loss of the metal going to form 

o-eoating, it is strengthened by the cyanide of idlvof 

it the plate. The thictness of the plate depends oa 

S of its immersion. The electric current thus acts OB 

ixier of the metal of the plate to the objects immerseiL 

t way, silver becomes perfectly plastic in onr hi 

1 by lhi» roenns, without mechanical exertion c» 

' e workman, convert o piece of eilvrr of any shape, 

a uniform plate, which cflvors, but in 



jy,«^Feetoef t^ a 



it ffiBBlAlflfti^^i <"ftA j^ 



tonra. When the pl«te<l objecta ore taken £ 
they appear dull and white ; the dulmcM is 
a email circuJiu' brush of brass wire driven by a U 
, .fbiBl polish is givea bj boraishiiig. The process of d 
I Riding is almoet identical iiith that, of electro^' 
[ tmlj the Eolntion mtiBt be kept hob Snccees in (fi^9 
L attained hy proper attention to the Btrength. o£ the h 
I the Htrengtli of the solution, the temperatoie, and tha b 
I the -|- electrode. In E^miingham, magneto-electrijC n 
I <Bre used extenaivel; for fnrniahing the necesearj cumBtfl 



Electric Light. 

138. "When the ends of two wires which form, the pdu ol 
Jowerfnl galvanic battery are made to touch (100), oad tl 
'cepaiated for a short distance, the ciurent which passes V 
contact is made does not cease with the seporatiMtli 
» its way through the intervening air, accompamed wf" 
an inteme evolution of light and heat. So great is the 111 
trolTed that the roost refractory metole are melted lupf i^ fl 
flierefore some aubatanee rivalling the metais i 
power, but mnch more infusible, mnst be found to wt h j 
poles, to aOow of the continnation of the current i 
circumstances. The various forme of carbon are well » 
to this purpose ; the more compact forms of charcoal a 
veiy well ; baked carbon (65) answers better ; but tlie e 
tiiat ia sublimed inside the retorts in the distillation of g 
for durability and oondnoting power, makes by C 
poles. Sir Humphry Davy (1813) first discovered a 
described the electric light. Fig. 127 represents a ei 
(Orangement for producing it. The caibon-pointa, P,N, I 
fixed into hollow brass rods, which ore connected with £ 
battery by wires entering at the binding sc 
rods diJe is ihe heads of the glass pillars A, A, fixed ta J 
Btand, so as to admit of the points being placed at d' ~ 
The wires from the battery-polea being properly et 



■ tiiat 
^Tboth 

Bwt' 



be or twn, wbeti U>h mimt iluiling light atunec, riTalUi 
ft light of the Bon in parity asii jiplctidour. Iti ioKiujtjr 
Ih lU to ptevcut the pyo fimi eiaminuig the lurticnLui 



■prodnctinn. These, however, may he Mcctiuned hy pro 

' ig with a lena of short focoa the images of the pointa 01 

t, when they ate Been ae ahewn in the tignre. Tfaa 

» found b> arise chiefly &om the intenso wtutenea* oi 

I of the carban rods, and putioUf from an arch 

aiding from the one to the other. The -|- pole u 

ieat and the hottest ; a fact irhjch may he proved b] 

iug the ciuTCDt, when the + pole coatinoes to »ppttl 

le time after the — pole has become dork. 
g the iniiintenaDce of the light, a visible change talcM 
t the coaditioQ of Uie poles. The -(■ pole 
I loa> of matter ; partidea of carbon pnss from tl 
< pole, which they partly reach, and partly » 
t iy the oi^eo of the air on the way. The eu 
i, thoi^h to a mach l^ss extent, with the — pols 
t wliile the + pole becomeB hollowed out c 
t loseaa, the — pole remaica pointed by it« apponnil 
The wasting away, particularly of the + pole) 
bovt time renders the distance between the polee I 
IdmaUe to allow of the passage of the current, and i 
a Ums saddenly extinguished, nntil again renewed bj 
I remova]. The points may be removed with I 
il battery four or five millimetres before the circuib i 
The transference of matter between the polea i 
erad to accoimt for the existence of Uie arch of ft 
i passage through the air of the current, oi therobf 1 
g medium extends betwem tke ipilM. 'Stein 



B^u orcb of flame, or voltaic aiv (Fr, are i«fiJ^^^^H 

W^vatiischer Flammeiibogen), (u it U caUed, u the mc^^^^H 

■,0ULt '.'an be pnxlaceJ. Platmum melts is it like '"^^^^H 

BBftiue of A candle. QuarU, tlie sapphire, maguesia, B^^^H 

wMIiCT iu1)5tAncea equally lefroctoiy, are forced b;^ it ^^^| 

E'State of fuaion. The diomoad when placed in it M^^H 

ftvhite hot, swells up, fuses, and is reduced to a hUdtTn^l 

BctBBenibliiig coke. In this condition, it is still haul AnQH^H 

■wnitch glass, but possesses almost no consiMeiicy, giviHgSH 

I to the pressure of the fingers. 4H 

The electric light is caosed, not by the combttstion 4^H 

cnrbon, hut hy its being brought into a stute of incaodMnfl^l 

The electric light can, in consequence, be prodnMd^ 4^1 

TBCuuin, and below the surface of water, oils, and otbef ^^| 

conducting liquids, It is thus quits independent itf'J^I 

nction of the air, a circumstance which may yet be tuni^^l 

With a battery of aome fifty Bunsen's elements, a IJ^ifS 
produced of very great hrillianGy ; but when veiy great yfflM 
is to be obtained, as well as hrilliancy, twice or thricA ^fl 
number must he employed. Fifty cells give an elcotrii^Spfl 
%_&» needful tension to produce the light ; and if moirn 
Bfonployed, they must add to its strength, and not its ten4fl 
BtC huB, if 150 cells be use<I, they would be beat arraiigeftlfl 
H^«e batteries, the + poles of all three being joined tofUH 
^^Ee + pole, and simiiarly with the — poles. With, a battql 
^B^forty or fifty cells, no pointing of the rods is neccesai^M 
^^Hs ia done by tlie action of the dectrioity itneK * V 

HPfThe spectrum of the electric light is found to abotiad jl 
HROlet rays, and hence it is well adapted to photogr^lM 
B^nrposes. Fizean and Foucault found that with a batto^il 
K5 6 Bunsen cells, a light was obtained which had 34 tiSH 
n&e photi^raphiu efficacy of the lime-ball light, both bedJ 
Kested liy the effect produced on a plate covered with tU 
Blfidide of silver. The same electric light, when compared S 
Kthe same way with the sun, was found to stand as S3 to lOOt I 
■ 133. Ekdnc ianiy».— Yarioas arrangements huTe boefl 
■'invented for muntaining the steadiness of the eleotllfl 
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bf some mecliamcal contrivance, within such a distance of 
each other that the current can pass between them.* Foucault, 
aided by Dnboscq, was the first (1849) who constructed 
an electric lamp of this description. In it, by aid partly 
of an electro-magnet, and partly of clock-work, the two 
points are made to travel towards each other at rates 
corresponding to those of their consumption, the -f pole 
ia this way travelling faster than the — . A detent is 
fixed to the keeper of the electro-magnet, which locks the 
dock-work when the keeper is brought up to the magnet, 
Mid withdraws it when it is away from it. The keeper is 
wted upon by a counter-spring, which draws it away from the 
DWgttet when the current does not circulate, or when it is too 
^eak to act effectively. Thus, when the points waste away 
>nd separate from each other, the current becomes weaker, and 
vieu it gets so weak as to impair the splendour of the light, 
it is 80 arranged that the spring draws away the keeper, and 
thereby liberates the clock-work. The points are now made 
to approach until the current, by the nearing of the points, 
acquires sufficient strength to draw the keeper to it and insert 
the detent. There is thus a constant locking and imlocking 
of the clock-work, and the points are kept at the distance 
fitted to produce the most brilliant light. In the simpler 
form of lamps, provision is not made to keep the points, as in 
DaboBcq's, at the same absolute position, but it is only sought 
to keep tiieir relative distance the same. The consumption 
of the — pole is so slow that it occasions little incon- 
venience to keep it fixed, and to confine the motion of 
approach to the + pole. An ingenious and simple lamp 
of this kind is made by Mr Hart of Edinburgh. The 
weight of the rod in which the carbon is fixed supplies the 
place of the clock-work in Duboscq's lamp, and an electro- 
magnet lets it descend or locks it, according as the carbons 
are consumed. A lamp of either kind gives a brilliant 
illumination to the magic lantern or solar microscope. 

140. The attempts which have been made to substitute the 
electric light for coal-gas in lighting up streets and public 
places, have hitherto proved unsuccessful. One element of 
imperfect success is to be found in the uncertainty of the 

o 



it and the ate nttending it 



Bj oontrivanoa A 



i ihoac described above, (.be light may be continiud fa 
evea ttien jt ia by ao meanB i>etfect]j 
Ibe apparatus caimot be eofely left withoat hi 
Another nriscs frcaa the etrikiiig and naplensant 
light nod sliadow that accompanies it, renderiiig, 
the EuiToanding glooiu as manifest as the brightni 
light. It has, howerer, been used with eicellent effect 
a limited Epace had to be lit np for a fevr nighla, fl(loh|l 
the conetruction of bridges acrosa Tifcis and the 
also been applied with Boccega to ligbt-hotue 
The light-hooBC at DuDgenew has been, lit up 
1863, and that at La Heve, near Havre, aince 1 
been fonnd from these that the power of the eli 
penetrate foga is immensely superior to that of 
light At batii light-booses the current is 
electric tiuuiiines, driven by steam-engines. Hia 
DoDgeness woa designed by Professor Uolmes ; 
means of a commutator, the eurrent in a unifo 
to tie cnrbon points. The intensity of this lj( 
lie as 7 to 6 when compared with that of 
La Heve, tiie altercate currents are sent 
without the intervention of a commutator, wMch 
with ttiis advantage, that both carbons are co 
^Munie rate. The carbons ai« ten inches i 
^Httt five hours. They are kept one millimet 
^^^ttieDsB of maintaining the light, including 
^^^p capital eiLpanded, carbons, salaries, &c., is 
tMUings per hour at La Heve. The galvanic 
hitherto been fonnd too troublesome a source of 
light-houses. Duchemin has lately, however, 
^^marifw battery, where a constont current is maint 
^■fanple action of sea water on zinc, which ma 
^^Ktportant for such purposes. A cylinder of 
^^Kate of ainc are attached to a Soat of cork, tuu 
^^Tondnctiiig wires to the ehoie. As the supply of 
fluid is ineihausltble, no care is needed to keep 
tileady working order. It has yet only been tried 
saaJe. 



EzplodiDg Oimpowder at a Distance. 

Ml, Tlie application of the gnivftnic current tu exploding 
puipowder at a distance depends on the power it has to ignite 
tiiiii irirea of comparatively bad condncting metals, anch aa 
■tel and platinum (100). The current must ba transmitted 
'" liuj point where the exploBion is to take place by good con- 
ilinting wires, and the thin wire is made to uonnect the two 
'"lis of these wires in the gvmponder. A red-heat ia Ihoa 
I'Ulj developed at the spot where it is required. The circuit 
" Uot completed nntil all arrangements for the blasting are 
"iiiij-, and all persons connected with the ptepsrations are at 
■flfo distance from it, Roberts (1 838) devised a method of 

iijilacljnf; galvanic blasting which has since 
'■ 'ume universal. It is shewn in fig. 128. A tin 

lilje, 3 inches long and I of an inch wide, is filled 

itli g;nnpawder, and stopped with a cork at each 
ml. Through one of the corks, two copper wires 
tl' inserted, ending in the cartridge in Eomething 
ikii a pair of horns. The wires are insulated 

iiui each other by woollen yam. Thoy are con- 
iijaed without tie cartridge for about 10 feet, 
, i n'li they part company bo as to allow the battery 
..n.'^ to be attached to them. The ends of the 

■ ms within the cartridge are connected by a thin 

■ .1 wire, -\- an inch in leogtli, wound round and 
ildered to each of them. At the ends there is of 
iiirae no insulating matter; indeeil theymustbe r-ig-iss, 
111 or cleaned so as to make the connection with 

iii'iii and the thin wire complete. When a hole is bored for 
I .isting, say G or 7 feet long and i! inches wide, the chtu^ 
r powder and the cartridge are inserted ho that the cartridge 
. -^ in the middle of the charge, and the rest of the bor« is 
iltsi with straw and sand in the nsunl way. The 10-foot 
■ irea project beyond the hole, and the battery-wires can be 
■iivenicntly attached to them. When all is ready, the circuit 
pleted, and the ex'^onon iaimediately followi. 1h^ 



f Meel wire is burnt avray b; the current, but the long c<qil>ia 
L wires arc uninjured, and ready to be fitted up aa before. SucS 
L cartridges are generall j kept ready for use iu mining eataUisB 
K juentB. In long circuits the function of tlie return wire loaH 
■!» performed by tlie earth, as in the electric telegrapk 
W When aevend charges liave to be fired at once, the who~ 
wiax generally included in one oireiiit. As there ia always soicr 
■'difference in the steel wires, or in the way they are fitted, 
Buot nnfreipiently happens that one cartridge is fired befov 
W'Ok others. The circuit is tbns broken, and the others are le ' 

■ unfired. With this arrangement, there is no certainty of 

■ umulCaneouB discharge. In such cases, the galvanic cu 

■ rent mnst be abandoned, and reoouTse must be had to C 
vclectricity of the induction coil. If the euda of the wil 
I"lHlliin the cartridge be brought so near that the induced ^ 
itient can leap over the distance between them, no steel wife 

■ needed, the inductive apork itself can effect the ignition. Ail 
fcjBJ^osion, the distance of the ends remains the same and i 
nt^parks continue. If, then, tlicre he several chai'ges to be & 
■la the Bome circuit, the firing of one does not stop the ctUTM 
Vtridck continues even after all have been fired. The i 
H>non spark does not, however, kindle gonpowder with, t 
WUinty, m that between the ends some material muHi 

■ placed more easUy ignited than gunpowder — such as wl 
L gunpowder, gun-cotton, &c When the number of simnlt 
ft neons explosions ia great (five or sis), some very i '~ 
ricsploded substance, soch as fulminating mercury, amst 1 
V placed in the path of the spark diechai^e. 

■ AheCt futes, lately introduced, are all that con be wished 
V&e way of certainty and eimplicity. Abel does not u 
■jilodnum wire between the two circuit terminationB, but 
Bimea what is in effect the same— a mixture that conduct^ b| 
K^sondncta with difficulty. His fuses ore primed with a mixta 
W of chlorate of potassium, subphosphide of copper, and Bi 
EpHde of copper. The conducting ingredient is the mibsii 
f pMde of copper, which must be added in such a proportion i 
w to render the whole difficultly conducting. When the c 
»I>aagea through the mixture, it develops sufficient heat 
Hu^loda it, and thereby the charge of gunpowder. 
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^useS" are chiefly intended for the electricity of the magneto- 
electric machine or of the induction coil, although thQ 
ingredients may be so compounded as to serve also for that 
of the voltaic battery. A very small machine is sufficient 
for the purpose. The little pocket machines employed 
for medical purposes fire readily one of these fuses. They 
*re very small, some of them about half an inch in length, and 
^the thickness of an ordinary penciL 



Electric Clocks. 

142. Electric clocks may be divided into two classes— those 

in which the impulse is given to the pendulum directly by 

electric power, and those in which it is given by a weight or 

spring alternately liberated and restrained by electricity. Of the 

fesfc kind, that invented by Bain (1840) is best known. In the 

ordinary clock, it is the clock that moves the pendulum ; in 

Bain's clock, it is the pendulum that moves the clock. As 

the construction of the pendulum is the only part of it 

connected with electricity, we shall confine our notice 

to a general description of the pendulum action. The 

lower part of the pendulum ar- 
rangement is shewn in fig. 129. 
The bob, B, consists of a bobbin 
of insulated copper wire, and 
is hollow in the centre ; the wires 
w, w from both ends run along 
each side of the pendulum rod 
R (the lower part of which alone 
is seen), and are in metallic connec- 
tion respectively with the two 
springs from which the pendulum 
hangs. Two magnets or bundles of 
magnetic rods, NS, N'S', are fixed at 
either side of the bob, and are of 
Buch dimensions that the hollow bob in its oscillation can 




Fig. 129. 



pms a certam way ovrr eau]i without toacHng. The MJ[ 
have their like poles turned towards each other. Tlie 
EpringH of the pendnliiin rod are in connectioii with tlu 
poles of a galvanic battery. In the connection betwefn m 
these springs and the battery, there is a break (not shewnin' 
fig.), worked by the pendulum rod. When the pet " 
made. to move, Bay towards the right, it shiAs a slider, m 1>>< 
complete tlie connection between the poles of the b«tM 
The current thereupon descends one of the wireB of the pa 
dulum, pusses through the coil of wire forming the bob, S 
ascends by the Dthcr. In so doing, it converts the bob inB 
temporary magnet (1 13), the south pole towarils the riL 
the north pole towards the left. In this way, the south ■gok- 
the boh ia repelled by the south pole S of tlie rigl 
magnet ; and its north pole is attracted by the aonth po 
of the left-hand magnet, so that from this doable repnlriOB 
attraction both acting in the same lUiection, the bob im 
an impulse towards the left Partly, therefore, haa 
impalse, and partly from its own weight, the 
describee its left oiicillation ;' and when it reaches tha ttti 
it, it moves the slider so as to cut off the battery ctKreht,' 
then returns towards the right, under the action simply of 
own weight. On reaching the extreme right, as before) 
receives a fresh impulse ; and thus, under the electria 
eierted during its left oscillatiou, the motion of the pendant 
is maintained. So long as the electricity is supplied, the 
dnlum will continue to move. The current required 
ingly weak, and Bain considered that it could be euffirac 
excited by a. plate of copper and a plab^ of zinc sunk into: 
ground, and acted upon by the moisture usually found 
This tuTthrbatttni, as he called it, was espected to act ati 
for years ; but the reeult proved fat otherwise, for the bc 
unfrequently dried up, leaving no trace of electrical t 
The imperfection of the battery hm led to a strong 
against these clocks — stronger, certainly, than they merit, 
has been found, however, by those who have employed 
for aatronomical purposes, tluit little dependence could 
placed on them, and that the proper conditions of 
1 motion WM», from the waBteMly wpfly of 



id with ; lieiiGe the opinion has been genemll; accepted, 
ftpendulom moved immcdiatel/ by dcKtricitj, (li>cs nut 
J accurate time ; and t!ie efToTta that have oi kte heeu 
1 electric dock-makiiig, have aimed at renderin 
im indepeadent of the irregularities of the Ti 

Lvery important application of Bain's pendulum has heen 
p by Mr Jauea of Chester. Shortly after the icTeation 

'b dock. Professor Wheatatono sxiggested that any a 
i tnch clocks coald be made to move aimultfiiieoiiBly by 
a cuirent of electricity. Mr Jones hus turned this 
Ktft account in the following way. A standard clock of the 
llcouBtruction. is made, by regulating the flow of a 

, to control the action of any number of copying 
I, likewise of ordinary conatmcttoiu Tlie pendulum of 
d clock itself, in no way under electric control, on 
g towRidB the right, touches a spring, placed at the side, 
Bompleting the battery connection, and a current is 
oitted to the copying clocks in o certain direction. On 
J to the left Gide, the same takes place, but the current 
L time is sent through the circuit in the opposite 
_ The pendulumfl of the copying-clooka are made on 

Ikun'd principle, hut have, of course, no break ti 
primary pendulum performs that function. Let us supptMe, 
ut first, that all tlte pendulums arc at rest ; in thi« 
■ iirrent is transmitted. Let the standard pendnlui 
[lived to the right, the right spring is touiihed, and a current 
( the same instant circulatea through the bobs of the copy- 
ii::; pendulums, and they thereby receive a simultaneoua 
ninulBc towards the left. All the pendulums move then to 
. w left ; and on reaching the estremi^ of tliia oscillation, the 
-L.'iudard pendulum touches the left spring, and the si 
pendulums are now impelled to the right. The niotioi 
(econdary pendulum aoon increases, until it reaches its proper 
extent. The pendulums once set 3-going, are, however, n 
intrusted solely to the atimultis of the electricity, but g 
moved by their own weights, as in ordinary clocks, so that if 
the electricity ceased to he sent to them, they would go C 
, without iL It might be supposed that a conioaiion of the two . 



forces, electricity and gtavitj, -ffoulil enane ; enidi, hi 
not the ca.'it. While tlie motion of tlie clock is intntatt&bi] 
Its own weight, the pendulum Mibniits dodlelj K 
ling action o£ tlie electricity ; and thna a copying d 
little value may be invested with aU the petfcdjon cf il 
most costly obeervatoiy clock. The ancceas of Jonerfs p 
a has been severely teited in the arrangement employed tf 
lolessor Smytho for firing the one o'chjok time-gun at B" 

A clock in the castle of Edinburgh ie 
p trigger of the gun exactly a.t one o'clock. Thia clock a 

' n Jones's principle, by a clock at the ObservatolfW 
t the Cttlton Hill, nenriy a mile distant The 0' 

oeans of electricity, aeta off a time-ball on Nelsinrt I 
;, about 100 yards off, i: " ~ 

1 of the ball, and the flash of the gun, though occaaNud ■ 
h by its own clock, are perfectly aimnltaneona. 
h the second class of electric clocks, the electricity is sri 
rged immediately with the maintaining of the pcuidoliul 
motion, but draws up the weight, or liberates the spring wbjoh'l 
diachargGS that function. This is the Eomc principle as holdi'l 
in what is known in horology as I 
Mr Shepherd of London, was the first to 
ciple into electric clock-making, and oi 
large scale was exhibited at the Great Exhibition of 1851^ 



Hi Electro-magnetic MacMaes, 

143. These take advantage of fhe fadlity mOi M 
poles of an electro-magnet may be reversed, by vhioh t^ 
and repulsions may be so arranged with another a 
produce a constant rotation. The forms in which i 
ace enceedingly various, bnt the description of the a 
in fig, 130 will suffice to illustrate their principle t£li 
a fixed permanent magnet (it could be equaHys 
■o-mi^et); the elecCro-niaguet, ?is, ia fixed to the 
d the ends of the coil are soldered to the ring c, encircUiig d 
' aoathetuas. The ring Iwstwa-aHwV^ 



\o two halTea, and flllerl with a non-coadncting materia], 

a the halves are insolated from each other. PreBsiiig oil 

■IliDkieit ring, on opposite eidea, are two siiringe, a and 6, 

■ t Jffoceed ftoni the two hioding-BcreWB into which tha 

, from the battery are fii«d. la the position 




a the figure, the carrent is supposed to pass along a, to 
If of the ring in coonectioa with the end /, of the coil, 
h the CO0, to pasB by (^ to the other half of the 
i to pass along b, in its retuin to the battel^. The 
I induced by the carrent in the electro-magnet, 
a soath and n a north pole, by virtue of which N 
t, and S attracte ra. By this doable attraction, w 

a line with N8, where it would remain, did not 

b the aprings pass to the other halves of the ring, and 

E current, making » n, north, and 71 a south pole. 

I between the like poles instantly ensues, and iw 

1 onwards through a quarter revolution, and then 

a before between unlike poles takes it throngh 

jrqnaiter, to place it once more axially. A perpetual 

'^^ ttu8 "my iept up. The manner in which a 



cemtant rotaij motioa niHf be obtained hfti ... 
being nnderstood, it is e^j to canceive lunT it Ofl 
aiiopted to the discliai^ of regalnr work. Poverfnl IMJ 
of this klud have been made with a view to sq^ 
steam-ting^e : bat «uch attempts, both in naped titt 
and constancy, have proved utti« failures It In 
fbiiad that ana cmmot compete with coal m a flW 
mechanical action. 

Jocobi was the first (1834) to conetmct suoh mujuni 
1839 lie CDOstmeted a macbinc of j of a horse pnf 
means of which be propelled a amall bout on the Neva. 



Electric Telegraph. 
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144. The electric teli^rapb, like every other 9 
ot producing intelligible HignaJs at a diBtanee. '" 
of the word {(efe, far off, and grapha, 1 write) impliea 
i» an inBtrument for writing at a distance ; bnt it has i 
Btgnify any means of conveying intelligenee other t 
voice OT writing. The idea of speed is bIbo implied — tel 
being seldom, if ever, employed where they cannot t 
intelligence at a much quicker rate than con he dool 
ordinary meana of tmnait. There are three agentajl 
from the rapidity of their propagation, are emplt^ 
tdegrapbing — eound, light, and electricity. Soiuub,' 
those of bella, guns, &c., form a convenient incuuis of' 
a single message through short distances. light sad 
city immeaaurably eiceed sound as ready, rapid, Bad 
means of telegraphing through long distances. Li^l, 
an. extremely rapid, ia by no means a docile nge 
proceeds in Bttaight lines, and will not bend round the 
the earth, or inequalities on ita surface. The tern 
which was an ocular telegraph, and the only good ow 
the electric telegraph, iUuBtrated this. Tower* had 
erected in prominent positions, witiiin sight of e&d 
ond fftf finT mK ffhich were made by aima OTvttwto^^ 
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bad to be retransmitted at every station. A large and well- 
tamed staff was necessary to observe and transmit, and 
withal the work was slowly done. In foggy weather, more- 
orer, the semapliore was useless. Electricity, which rivals 
li^t in speed, is most docile and trustworthy as a telegraphic 
sgent. It silently wends its way in all weathers, over plain 
sod monntain, across sea and land, and delivers its message 
^miliarly in the office or parlour almost at the precise instant 
it was sent. 

The various forms of electric telegraphs in general use arc 

electro-magnetic The signals are given by the deflection of a 

aeedle to the right or left, or by mechanism connected with 

the armature of an electro-magnet, which sways to and fro 

^der the action of the magnet and a counter spring, or 

^tween two opposite electro-magnets. Electro-chemical tele- 

giaphs have also been designed, but they have never come 

uito permanent use. Electric telegraphs of all classes are of 

two kinds— those which merely give passing signals to the 

observer or listener, and those which permanently record their 

signals ; the former may be called signalling, the latter 

recording telegraphs. The number of inventions connected 

with the electric telegraph is almost endless, and would 

engross a long series of volumes for their description. We 

shall here content ourselves with giving a mere outline of the 

working of the telegraph at present existing on most lines. 

The forms most in use everywhere at present are Morse's 

Telegraph and Cooke and Wheatstone's Needle Telegraph. 

For private use, some form of the magneto-electric dial 

telegraph is employed. In point of simplicity and certainty, 

Morse's system cannot be exceeded, and even as regards speed 

it stands equal, or nearly so, to the most rapid recorders. We 

shall therefore give an account of the general arrangements of 

a telegraph chiefly on Morse's system. 

145. Morsels Recording Instrument , or as it is shortly called, 
the * Morse ' or * Register,' is shewn in fig. 131. L is the line- 
wire, and E the earth-wire, conveying the current from the 
distant station. The current thus sent traverses the coils of 
the electro-magnet, MM', the armature. A, of which is in 
consequence drawn down. A is attached to the lever ir. 



f moviiis rowd the &^ts it By the attraction ot A, the 
L ia lowtri-d a: d brou"! t agniBst the stud n The 
L Siuat aut tuucii the soft, iron of the electro niasm-t on. 
I'ldawn down lor if it did it would sticlt and would nc* 
JinBlaiilly relesEed when the current cetisea (114). 




Fig. 13 



I ■ibe end I' is lowered, tho end I is raised ; W, at its ini 
aid, cariies a steel point or style, p, which hy the npwi 
Ijnotion ia hroaglit against ii strip of paper, PP, toEB 
p towards P' hy the rollers rr', set in motion hy clock- 
^Oj quite independently of electricity. The clock-wtjA' 
I Kbeioted or stopped hy the switch S. The paper is si 
I bom a large roll or hobhin, above the liiBtmmeDl^ 
I tiuva round oa the rollers demand. So long as the style' 
I devated, the paper strip is made hy the clock-work to A 
A line is thus embosaed on its upper sur&ce. '^ 
I &oilitate the doing of this, there is a groove in the 
! Toiler, opposite the style. When the current from the 

1, the lever W is palled hatjk to its origii 
I position hy the spring s, and the style fall.'! away from t 
To prevent it falling too far, another stnd, fti, lies 
r side of the axis. When the circnit is again clott 
once more marks the paper, and thus the lev( 
g under the opposing actions of the inagnetii 
d by the temsniitted cnrrenl^ and Ae A 
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spring «. The time that the style remains elevated, detcmiiues 
the kind of mark on the paper. If it is nearly momentary, a 
dot is imprinted ; for a longer time, a dash. We have thus 
the combinations of an alphabet in the combination of dots 
and dashes. The following is the usual Morse Alphabet : 



A 


• "■ ■ 


J 


B 


" ' • • • 


K 


C 


• * 


L 


D 


• • 


M 


E 


• 


N 


F 


• • ' • 





G 


■**" — ^" • 


P 


H 


4 • • • 


Q 


I 


• • 


R 



s 

T 
U 
V 
W 
X 
Y 
Z 



Thus A is a dot and a dash ; B, a dash and three dots, &c. 
The alphabet is so arranged that those letters occurring most 
frequently are more easily signalled ; thus, E is one dot ; 
T, one dash. An expert telegrapher can transmit from thirty 
to forty words a minute by this instrument on a land-line of 
between 200 and 300 miles. Several modifications of Morse's 
telegraph have been made, the principal of which is to 
substitute ink marking for embossing. The beautiful instru- 
ments of the Siemens and Halske are of this kind. 

A clerk that has been well accustomed to a Morse telegraph, 
in transcribing, seldom looks to the paper. The mere 
clicking of the lever becomes a language perfectly intelligible 
to him. He need therefore only look to the record when he 
may have heard indistinctly. Sir Charles Bright does away 
with the recording instnmient altogether, and substitutes two 
bells, one muffled, the other clear, sounded by a hammer 
oscillating between them. The bells speak a telegraphic lan- 
guage as quick as the clerk can write. Recording instruments 
are generally considered preferable to instruments which 
merely signal, as they fix any fault of transmission or copy- 
ing on the party at fault. Acoustic signalling, again, is pre- 
ferable to ocular signalling, as a person can hear and write 
much more easily than see and write. 

146. Tra/nsrmtting Zey.— Let us now transfer our attention 



A bia« lewi. It more loand tliB M 


lite luiIRnK. 

^riiiai is ii 








h^Sg^tA^-i, 4 




Ke. J31. 



win E. Bdow the bammia', m, Ues tfae antil a, 1 
u( wUch is likewbe of plaliana ; a JM txanealB 
«iie C with one ol the poles of Ute sEnditig brtlE 
■Uj the coppec pok. When the lercr ij IcA t| 
aad i MG in ooutact imder the fctiee of lli<i epnng 
tlv bukd nresBes I'^a the ebonite {msoXutfli^ 2 
yg a tw^ is broken at n jtud &, and cftAblisbed nt 
"nne viiek are in connectioa vith the key, 
jwl named, mid L the line-wire fron: i]i> tirUa 
cauRcled vilk tke uis pillar, acil ii 
When the key is in the receiving ]■" 
Bguns the mmnt bam the senili:>.^ 
1^ A, I. ■, fc, E, the Morse, then to on 
4owv, the ker is in the «en<)iiig posilioo, aa 
hMnr cuiTMit by C, a, in. A, L, t( 
fitf of the anvil and hammer need not be 9 
'mt iaA. Haa a more than aiitficieiit (IQlj' 
¥l wtlUt Um cament, and it allows ut' speedy >i 

lt7. n* &iU«ry.— The batteriea employed i 
iwilij ailing iiiiiii I iiillji Tliiiiiill'ii ConstaneytMi 
vt tMliut U idiat ia aoet wonted in the batteiy, 
|>niall^( hmurj yicl<l^ In Oermany, i" 
ohaiipid with diluted «]lpti| 
~ in a miztote of 1 o£^ 
of I tu 20. 



t qnlliiig. The nnraber o! cells employed varies with 

:, tlte insolation of the line, und the delicacy of 

The register, as afterwards mentloDed, 

worked directly by the transmitted CTiirent, 

i' hj relay. To work a relay with good insulation, 60 

B cella will Bnffice for a distance of 300 miles. For 

|( dJtAanccs, less of course will suffice. For shoit circuita, 

is btiihII nnd current Etroug, small cells 

ft iKiliaaEt themselves ; lai^e colls therefore must be used to 

"b the supply. Magneto-electricity is also employed as 

e of the current. This answers well on short circuits, 

r private telegraphs, but eitperienee has proved that 

mic battery is hy far the moat advantageous eouri^ of 

y for eitenflive telegraphic work. 

Il Sow Treo Statiani are comieckd together. — The manner 

lUch two Btationa are 'joined np' on Morse's system is 

a in fig. 133. B (uid B^ are the batteries at the stationa 




fejft.ii'a 



, the 



; keys ; n, n', the registeis ; 



■Hbe gaLfanometers ; LL the line-wire insulated ' 
J, the earth-plates. When the key Jc, at the station S, 
b, it bere represented as the sending station, is depressed, 
ant from the batteiy B takes the following coarse. 
fa the copper pole 0, of the battery B, it goes to the anvil 
T i, passes throunh k to the galvanometer g, which having 
traversed, it goes into the line LL to the receiving elation 8,, 
!sthe^vsnoiDeter,thek^J^,thB(x3soi^iKQA«tl-i 



:«.-?:-rdn:c i"^- tne miniRnim. n it were m cu 
^^:.;i?:o^s c-: v-li print simultaneously, but that is not 
. Le r'f-.'ori.l at the receiving station being enoogh. ' 
w.-'ild thus have no idea as to whether his messaj 
cr no:, did not the motions of the needle of the gal 
•\ reveal the currents put in circuit. The galvani 
shrws the presence of earth-crurents on the line. 
le:: to itself, and 2:^ depressed, the station S^ would 1 
s^ndin^ and S the receiving station, and the < 
w:uld be exactly as shewn in the fignie, only i 
sradons. 

Sup^wse the clerk at S wishes to tel^^spih 
depiv^sse^s the key i several times, so as to send 
dos$ and dashes giving the name of the ststioiL 
;:on of S| is first arrested by the ftliftkiwg of the « 
ihe Morse. He thetenpon turns the sintch S (fi| 
sois the clvvk-work in motion, and sends back to { 
rvsady. and the printing thereupon b^^ns. Wbm 
&r^ depressed, the whole circuit is broken, so that 
sendrr and receiver have their hands on their xeafp* 
x:o mossa^ can be sent One might fjEmcy f 
would arise fh>m cross messages, but clerks sool 
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have to cany. A distance of 80 yards is the ordinary distance 
for posts sustaining several wires, and 150 yards for those 
only supporting one. Insulators are of all shapes. Porcelain, 
though a better conductor than glass, is not so apt to attract 
Bwisture, and is the substance generally employed for them. 
The insulator known as Andrew's Insulator, 
ttid used by the United Kingdom Company, 
wliich is shewn in section (fig. 134), is said 
to be veiy effectuaL A bolt of iron, I, fixed 
' to the cross-beam, «?, of the telegraphic pole, 
18 cemented into the ebonite cup or bell ee, 
which in turn is cemented into the porcelain 
hell pp. The porcelain bell acts as an 
imibreUa to keep the wood to which it is 
fixed dry and insulating ; that failing, the j-j ^g^^ 

^iwide of the two cups is likely to remain 
^ and maintain insulation. The line-wire is kept fixed by 
hinding wire into the groove a. The electricity has thus to 
Wei over the outside and inside of both cups before it reaches 
the iron bolt, which is also coated with ebonite. Such insulators 
*8 the one described cannot be used in railway tunnels, as 
^ey get coated over inside and out with engine smoke, which, 
l^^ing conducting, quite impairs their efficiency. The leakage 
^ a long line, notwithstanding the best insulation, is consider- 
*hle. The loss at each post is insignificant, but when 
hundreds or thousands are taken into account it becomes 
decided, so that merely a fraction of the total current that sets 
^Ut reaches the earth at the distant station. In rainy, and 
Jttore especially in misty weather, the insulation suffers much. 

The wire most employed for land lines is No. 8 galvanised 
Ut)n wire. The Electric Telegraph Company are beginning to 
^ No. 4 wire on some of their long trunk lines. 

160. A Stibmarine Line is made by a cable. The core of the 
cable consists of one wire, or a strand of several wires of 
copper, as pure as can be got in the market. One solid wire is 
pieferable to a strand of the same diameter in point of con- 
ducting power ; but a strand is surer ; for when one wire is 
broken at any point, the others still remain to conduct the 
eurrent ; there is no ' breach of continuity.' When the one 

p 



» 



solid wire gets broken, which not nn&equeatlj occurs n 
out being Tiajble outside, the cable becomes useless. rV^^g 
strand of wire ia generally laid up ia CIuitterton'B ct 
pound, conBistiiig of gutta-percha and resiiiouE siibstaai 
The interstices between the wires me tlios filled up, I 
thin makes ike cable solid throughout. It nut ouireqiielil^ 
happeuB, when this precantion ia not token, that water, um' 
the great pressure of ocean depths becomes injected ii 
them. The strand thus laid iip, is now included in ana 
coatings of gntta-peixha, which acts as the insolati 
[votection for the wire. Chatteiton's compound is genen 
fut between the layers of gutto-percho. The whde I 

'\j included in a eheathiug of iron wire, laid on 

to give the cable sufficient strength to withstand the bI 

paying out, or that to which it may be subjected by ti 

iuequalities of the oceun bed. Betweeu the iron sheathing h 

the gutta-percha, a layer of tarred yam is put, which acte w 

padding between the two, and improves the insulation of t' 

cable. Not unfrequently t 

iron wile of the sheathing : 

also protected from i 

by tarred hemp. Kg. 135 (fa 

size) shews the constmction j 

tlio Malta and Alexandria cabl 

The different layers are so fi 

peeled off to shew the ea$ 

Fig. 13S. struction. C is a stiaod' i 

seven copper wires, laid j 

itHhatterton's compound ; Q, three layeia of gutta-perch% vil 

iChutterton's compound between each ; H, tajred yam ; audi 

constituting the sheathing. The d 
^out in the sea is 0'85 of an inch. Near the shore, the hI 
is made much stronger, to meet the danger of a 
■jKan the dragging of anchors, currents, &c For the ■ 
,Ceason, cables for shallow water are made thick and etrong, 

Ooneiderable dispute baa arisen as to the beet material fi 
insulating marine cobles. India-rabber and gutta-percha ai 
rival Bnbstanccs. It may be said in favour of g 
ia that not ouq yaiii ol \t,^b<tn.Uid,bAs dec{^ed,u 



''<tt under uceaii pruEsnres, aa proved by tha iaEt Atlantic 
iilaa, ita iiisiilatiiig power decidedly improvea. In favour of 
^'- -M msBticated india-rubber, it ie orged that cable?, alike in 
' 'liur retipoctB, will, when coated with it instead ol' gutta- 
l^mhn, be capable of eending twice the niiinbet of wurda per 
iNimte, the specific inductive capacity being bo niuoli greater 
1)1' the latter than for the former subetance. On the other 
ii'ind, india-rubber is not bo tniBtworthy in point of durability, 
'ime specimen* of it having become treacly after immersion 
'•'•t same time in the sea. 

l-il. TliC Earth. — Two wires are not necessary to connect 
' 'vo telegraphic stations, as might be supposed. One wire is 
,!iita snfficient, provided ita terminations be formed Tiy large 
, Jules e\ink in the ground, or something equivalent. The 
L ^U^ are generally of copper, and should not offer a surface 
=s than twenty square feet, and they must be buried so deep 
uiat the earth about them never gets dry. The gas and water 
pi pes in a town make on excellent ' earth ' (earth connection): 
The great object in on 'earth' is to put the whole ground in 
the neighbourhood in eonueclion with the battery pole or line 
wire, and much the same precautions must be taken in muTting 
:in earth lor a telegraph as for a lightning-conductor (66). If 
iliL' earth is not good, the curreut, instead of taking the ground 
■■ ^ .1 pasEOge to the distant station, runs into other wires con- 
ii'.'ted with the plate and leading to where the 'earth 'is good. 
'Vlien the 'earths' ore good, the current posses through the 
.ulh between the two stations, no matter what be the nature 
lA the country it has to pass, plain or mountain, sea or land. 
The earth resistance to the current, compared with that of a 
long line, is next to nothing. The earth not only serves the 
purpose of a second wire, but of one so thick that its resistftnca 
may be left out of account, and thus halves the resistance of 
the whole circuit. It is a question whether the current 
actually travels between the two stations, or whether an equal 
amount of opposite electricity becomes simultaneously lost al, 
"li'h. This quesUon cannot be decided, as the electric condi- 
ijiius in either case are identical. "In conducting power for 
• [wd dimenaions, the earth stands much inft^riur to the wire, 
out then its thicknest^ BO to speak, ^mt^efmiX^^ ^ea^«a,«s^ 



S p— « (M At whole:, 
'alekgnpluc si 



BWltko] 

r pole of wUcfc b to tttitii, itf 
■ wkkk tk iiMlMiliiiii B tnada, ■ cmrsit floW) ~ 
i,and if Ac MiJuii of the Unebe perfect, a] 
L 1h*MKdleiifthegalT>*aaieteriii&kMas)] 
Ike* Mbdm to ib panttoa oT red. Ifnov/ 

~ caf,aoailh*dH(i^ giren to tbe «~ 
I goes to CHtL TUs Rowiag back again of the clita^ 
n^Bv camaL la laad-liiiiEs tlie return cnnenE 
t, a fcaliMiine caUee it ii Tctr marked, 
leut Ann t&at a tdtpafUc line maj be C 
|iM Uks tke iimlatod baQa, rylaiideR^ &c, illmtnl 
ibdncilT. Aliaeof tekgnpkDMTbelookBd^ 
fl jar, the wire a* ibe inner coaling, the ur 01 
s the ^Hs u dielectaic, and tlie eaitli or eea SB 
r ttatia^ A tnil of nUiwadne cable, inuaeised. 1 
r^Mg^ «f xnta viicn tfae nae b insnlated, maj be ciia] 
d dndua^ed exactlv » » Xjeidoi jai, the water being t 
tot MMlii^ The Rnmi concut is most maiked in k 
NB. In «iwli it is not ReccsEair- to 'cut' the -wire^ i 
■at wairtMice of the ka^ irii« being eqiuvalent to { 
t bein^ hovever, tuneh U 



e statical charge, of which a line of telegraph u 
ible, diews that the electric force not onlr tends to 
e iteelf longimdiDallr, bnt latersllj (34, 63). The ej 
d indoction is to retard the time of deliierj' of a 
o prolong it, so that althongh it is a momentary signd 
")ecomes a prolonged signal ot its dcstin 
tone'^ CBlcnlation (50) gives a Telocity of S8f^000 

I for electric discharge. If signals 
t this rale, the tiroe elapsing between the aen^ng 
g of ft ctinwit, even t>Q & ^inE 
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the circuinference of the globe, would be inappreciable. But 
ill aerial lines of land telegraphs, even only a few hundred miles 
in length, there is evidence that electricity does not propagate 
itself at anything like that speed, and in submarine cables the 
Velocity scarcely reaches thousands of miles per second. The 
inere slowing of the message would not matter so much, 
provided the signals, when they reached their destination, 
^ere told out as they were sent But they are not. Each 
signal at the receiving station takes a longer time to leave the 
^e than it did to enter it. Hence, in a very long land-line, 
^ in a cable, if the sender transmitted at the same rate as he 
^0€8 in short circuits, the signals would run into each other at 
^fi leceiving station, and be undistinguishable. Time must 
** given to allow each signal to ooze out of the cable before 
**iother is sent. The effects of lateral induction on the 
ti^aiismission of telegraphic currents constitute what is termed 
^uctive embarrassment 

According to Sir William Thomson, the maximum speed 
attainable on an aerial land-line of 2000 nautical miles in 
l^igth, and consisting of an iron wire one-fourth of an inch 
in diameter, would be 20 words per minute. The same 
authority has established that the retardation increases with 
^ square of the length of the line. Accordingly, on a line 
lOOO miles in length, the number of words would be 80 ; on 
one 500 miles, 320 ; and so on. Direct lines are not worked 
fop distances greater than 1000 miles, and very seldom even 
fop the half of that distance. The maximum speed of tele- 
giaphing on short circuits has been 50 words ; so that on a line 
lOOO miles in length and one-fourth of an inch thick, there 
is still a wide margin before the lateral induction would inter- 
fere* Most land-lines, however, are not more than one-eighth 
of an inch thick, and in them the embarrassment would be 
felt nearly four times as much as in the line just mentioned. 
On a line 1000 miles in extent of No. 8 wire, it wordd be 
advisable to break the circuit half way, and resend at the 
mid-station by translation. The whole would thus be worked 
as two circuits of 500 miles, and the speed of signalling could 
be four times increased. The maximum speed of signal- 
ling through the 2000 miles of the A.l\m\iiG \^<^^ks^ ^\\^^ 



«Wo andftWfwwdsauuirata, 

HidDOting powor somewhat liighur than a No. 4 V 

Hording to the law of squareB, if the cable hitdbi 

Tutu iif dgnalliiig night have heen i 

nnlB ; if &0() milea, 40 voTie ; and so on. If tlie ta/Ho (itf 

lluchnesa of tlie core to that of the iusuUting coating b« fel 

B eame, the namher of vmrda that can he sent TOiict 

9 (Linount of tuateml employed, or as the equam of II 

meter of Uiu cahle. Thwa, if a cahle he of the am 

d of equal length as another, but twice aa thick, fi: 

TOfLny \roTdfl may be sent hj it. The thickening of the ^ 

e is not all gain in the way of lesaening e 

Mfiot while the condnctiiig powet of the core increwes mlk i 

KctioD, the lateral induction increases with it 

Numeioiia eiplonations have been given of i 
embarraBsment. We nay BUppose the charge at at 
havu two inductive channelfl to reach tha ground, ono 
-0 to the further end of the cahle, and the other A 
e gutta-percha. Electricity when it has two chantiali^Jl 
nngh eauh in the proportion of the fitalily offerei U 
tAy It the gutta percha were thiol, and the tp ehoili^ 
ibty oiiered by the latter would ha 
L that jffered bv the former Th 
) lateral induction, for the electricity 
But when as in long ibles it hi 
■e and a quartet of an laih of gii ■ : 
Tough, the rival channels stand mori' ' 
t each point the part of the electricity f-i 
acta inductively tlirough the gutta-percha, -v 
the Une of the core. This last is subject X ' 
it moves along ; henci-, if the cable bo loni;, 
the inetant absorbed in charging the culL- .. 
possibly only a part at a time. Such bein^ t 
further progress of disohatge is effected n 
the force of the transmitting hatlery. t 
induced by it in the particles of the dieleoti 
effect is somewhat the same as would bafl 
ing a charge of water through a pipe o 
whose aides, though water-tiglat, wb» d 



'i Mg and niiTTinr, and the {nction of the water agaicgt the eidea 
I iziiequeutly great, on the cha:^ being injected, the pipe on the 
.■tiding Bide yields, and the furllier trangmission of the charge 
',, i^tiected by the dastic force of the Bides. The choi^ 
f.ii-eJa as tx wave to the other end, and ita delivery ia thereby 
it'larded nnd modified. This temporary yielding reBembles 
the inductive diversion of the charge to the gutta-percha. 

In. aerial lines the lateral channel, the air, which ia some 
twenty feet thick between the wire and the gronnd, olTera 
mnch less facility for inductive action than in gutta-percha 
cables. The lateral induction ia conaequently very much leas. 
lb ineulatcd suhtcrraneaii lines it is nearly aa much as in 
suhmaxine cables. They are conBequently never used eieept 
for short distance.^, where they are imavoidable. 

There is as yet no way of obviating lateral induction in 
telegraphic cables, eicept a thict core and a thick layer of 
iofiulaling taateriaL This is tantamoimt to saying theie is no 
cure at all ; for in very long lines, where it is most felt, a 
thick cable cannot, from mechanical dilhculties, be laid. 
There are several ways, however, of dimiziishiiig it. A materiij, 
sQch as india-rubber, whose specific inductive capacity is low, 
lessena the evil considerably. The tarred hemp uaed in cables 
also reduces the lateral induction. Some have suggested the 
tue of a double wire in the cable, the second wire supplying 
the place of the earth. This haa, however, been found to 
aggravate instead of lessen the eviL The use of electricity of 
tugb tension, such as that of induction coils, has alao been 
trifid. That such passes with greater despatch may be open 
to doubt, and that it in dangerous in causing the' charge to 
puncture the gutta-percha, and thereby destroy the cable, is 
highly probable. A transmitting key ia used in working tte 
Atlantic cable, which haa a double action. It iirst places the cable 
in connection with one of the poles of the battery, and then 
with the ground. The first connection charges the cabl^ the 
second allows diachat^ to take place at both ends of it. But 
also Appendii, 'Atlantic Telegraph.' 

The insulation oi submarine cables is almost perfect, HO 
that inductive embarrassment must not be confounded witi 
The ^Ita-percha, though e. can&iUiJUsE 



exc«suvclf doivly, leads nwar, tn tfa 

lusU, next to uotliitig of tbe ch^e. ll« action l6 tl 

cot conductive (30, 33). 

153. Earth CurrerUi. — Tliese are very unwelcome v 
telegntphic offices. They get into the citenit n 
how. They flow sometimes in one direction, a 
another, change rapidly, and ate fretiaently bo 
Tender the line for the time quite nselesi. 'Tbnf 4 
he formed as often in the wire ta in the e 
occur aimultimeously with nmgnelic florins fSO). 
magnetic Etorm that laged on Angost 2, 1665, at tJ 
time that the Atlantic cable ceseed to act, n 
hy earth cutteats ea strong that the astrononieF 
aiJered it impossible, even if the cable had been p 
liavc signalled throngh it. The only i«medy t 
currents ia to do away with the earth ciicoit, a 
wires to the «ante place in one circuit. Although, tl 
CTurent runs equally strong in both, the two « 
to opposite ends of the instrnmenta a 
effect ia thereby neutralised. This, of course, CMi i 
done where two wires esist Little or nothing ia bc jc ~ 
of the laws r^nkting such current& 

154. Rtlay (Ger. Petertrojer).— Hilhertff wb Iian-a 
that the recording instroment of Morw is vorited A 
the line current. This is only done on short cirenil^ ^ 
Ic^ than 50 miles. On long drcoits, direct vrotkiiig tt 
be accomplished by an enormous sending bolteiy. 
leakage ou the w&y is very coa^eialile, so that a 
strong at starting loses grpatly before it rei " 
intended ; besides;, the leak^e bccoOKs all 
greater llie number of cells employed, tir tbe gi 
of the battery. It is found a mncb kitcrai 
the ' Mo!¥e ' worked by a local coiimt, whkh ■ 
as strong as requi^Ce without any loss, and tn ii 
delicate iustrameDt in the line TiTcait, wbidi 
make or break the local eiicoit. Such an i 
oaUsd a relay, the principle of die action of winch 
S^ 13B. Instead of the electro-magnet of the r 
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Fig. 136. 



included. The coil is long, and of thin wire, and a very faint 

cunent is sufficient to develop magnetism in the core. The 

line current passes 

Enough the coils of 

£ just as it is repre- 

B6&ted doing through 

that of the Morse in 

%. 131. The armature 

of the relay, A, is 

'Attached to a lever, 

^» moving round the 

ttia a. When a cur- 

'Sttt is sent through the 

coil, the lever is drawn 

down, and the end e' 

'ests on the screw S. 

When there is no current, the elasticity of the spring s brings 

it back against the screw S'. The spring, s, is so adjusted that 

the play of eef may be made as easy or stilf as the strength of 

the line current requires. The pillars N and P are connected 
with the poles of the local battery. The metal spring s places 
the lever ee' in conducting connection with P. The poles of the 
battery may therefore be taken to be the screw S, and the end e* 
of the lever. When these are in contact, the local current 
flows, and it stops when e' is brought back against the insu- 
lated screw S'. The Morse is included in the local circuit. 
When a current comes from the sending station, the armature, 
A, is attracted, e' falls on S, the local circuit is closed, and 
the Morse begins to print. When the current ceases, e' falls 
on S', and the style of the Morse is withdrawn from the 
paper. The effect is thus the same as if the line current 
printed, and not the local current. By this means, a current 
that would have no effect on the Morse, can complete the 
local circuit, and print most legibly. 

155. How several Stations are connected in one Circuit. — 
This is effected in three ways— by an open circuit (Ger. Arheits- 
gtrom), by a closed circuit (Ger. Byhestrom), and by translation. 
In all of these, each station may telegraph simultaneously to 
all the stationa in the circuit, and if ihfi mesad^^b ^t^^^^te^ *Ccl«ss&. 




t 



all, a recoTd may be printed at cadi station. When adtlfn 
wishes to telegraph to another, it keeps eignalling tlieaxu 
J till the Etalioa in queation eignals back that he ia readj. Ibl 
v«thers, findiDg that the mesaage does not concern thera, Ion 
f )he two concerned in. posseBaioc of the dtcnit. 

The arrongeiDent of an intermediate station in fin opB 

" r- 137. L, and tj are the wiiw ftn 

the terminAl atatiouB ; B il lb 
^^ — relay; the rest mjeaa tbo MB 
as in fig. 133. The ttatimii 
represented as receiring. lb 
line cnirent passes through dl 
ki.-y, the relay B, and goea on I 
Lj. The relay sets the iM 
hattery and the register 1 
operation. The line conml ] 
brought into the station,aadb 
withont being affected. Electrically, it is the Bame H I 
it had gone on in the air direct from Lj to I.^. Wlioi (ft 
station Bends, the key is depressed. The current goes finn I 
into the line L„ is earthed at the one terminal station, tent 
ihe earth at the other, rmd returns to Z by L^. T^e botlBI 
liere haa no * earth,' as at the tcmucol stationg, the nOD^ 
toent of which is as in fig. 133. An ' earth,' howcns; I 
genetoUy put at each station, so that it may be worked is 
lenninal station if required. B at seuding is out of t 
According to this plan, every atalion must have a liottnyl 
strong as the terminal stations. In the closed dreai^ M 
battery is needed at the intennediate station. If the iMttH 
and its connections be removed, fig. 137 gives the amkngemci 
in a closed circoit The battery may be placed only at ef 
terminal station, or it may be divided into two, and a kalfpi 
at each end — both, however, being joined np to act iriQi,U 
Sgainst each other. The circuit is closed when no one opeiata 
ku that a current constantly flows. The keys breaking III 
connections Ptop it for the time. The relays act negating 
making the Moise print when there is no line cnireat, a " " 
at rest when it flows. If S' in the relay (fig. 136) weie 
fif*'^ mttd B inanlatedii^vmUiaAukkdoaRA taxing 
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•dyantage of the closed ciicoit is, that the batteries which 
lequiie considerable attention are confined to the terminal 
stations^ where they can be best cared for. Besides, little or no 
adjustment is needed for the relays. In the closed circuit, all 
the relays are in circuit at once. Open and closed circuits are 
used in lines where a number of smaller towns are joined 
together, the business of all of them being no more than 
sufficient to keep the line working. They are for short 
distances, seldom more than 200 or 300 miles. 

When two stations, say 500 miles apart, are to be connected 
by telegraph, it is seldom done by a direct line, it being 
found more efficient to transmit to a half-way station, and thence 
to letransmit to the end one. The retransmission is effected 
not by manipidatiye skill, but by mechanical contrivance, 
so that, while the half-way station may read the message sent, 
BO time is lost in the transmission, and the two end stations 
and the intermediate station communicate with each other as 
readily as if they were in an open or closed circuit. This 
mechanical retransmission is called translation. It is effected 
by making the lever of the register act as a relay in traus- 
xnitting a message to the next station. The system, to be fully 
explained, would require more detail than we can here 
give to it We shall only shew how translation can be effected, 
leaving out of account how ^ l, 

all the stations can communi- ^^sp y^ 

cate as in one circuit. We ^ g ^ /i^ ^' 

also suppose, for the sake of vAllfii^ 

simplicity, that no relay is /^^^>^ 

needed, and that we are deal- * 5:^z:xcJ 

ing with a direct working iwMwpiJMiMifcM^ 
register. The current, C^ (fig. A1lli^«HPP|wip^^^^^ 

138), from the sending station ^ g||p ^ 

enters the coil of the register ^* ^' 

W_ TOO 

Mf and goes thence to earth ^* 

P, and returns as shewn by arrow Cj. The register may 
record or not, according to the message, but its doing so 
or not in no way interferes with translation. The copper 
pole^ C, of the battery is connected with the lever W of 
the register^ and the zinc pole ia to eu^ ^^^TVmsi^Ss^Vsh^ 



^H 


^^H 




^^^^^^^1 


^E| ilmn-n down bj' the current^ C„ 


it etrikcs anunat OwnAtl 


^EfttLe tap of the pillar ]i, that checks its motian. Th«iill|$B 


^Ktt ie jaiued hi Use L^, rumiing 


the further Biniitm, >q4H 


Bwheu the lever ftil1i>, » secoud ci 


ruuit— namely, that oE'dnH 


■intleiy— ia closed, in which C, llie lever, the pillar, I<ylklH 


P furtbi^r BUliun, the eurth, F, and Z 


am all included. Ttuu,!.^ 


Zr prints at the iittermediate station, it tit the some tiue M^tfl 


11 new printing current to the ner 


When it ceases ta pdMH 


eo does the wgieter at the distant atation. It is in thnviH 




the important tcwns lying between London and Abuited| 


At the shore ends of submarine 


cables there Is ahrajn 


tnuifilating apparatus. This allow 


the cable to be wodtodl 


^_ 


a battery euited W 


B y^^^ 


without lost of Om' 


H /x^^^ 


making it a iptij 


■ /X x^Bk 


circuit. 1 


n / 


/ \^«^ 


156. Cooh « 




\ 


^HhI 








f.tiWSS 


^hI 




Telegraph. — Thjfl ^ 




°E» ?rfi 


^HM 




sists of an unl 




,', 4»/. 


■ 




Ealvanometer (68),1 
the astatic neeil 


hi 


"T" 


1 




loaded at Uie M 
end to keep theni,1lfl 
not acted on, ioaWI 
cal position. A fii 










view of the aU 




needle inatruineMt^ 


^^■B^^^^^^^^^W 


given in tig. 139, sti4i 


HIEii "M HI 


back or interior t7i 


1k4i 


1 in fir;. 140. One aati 
1 moves within the «tl 


ng. 130. 


* t»0, and the otioP a 
the face nf the dial. I 




in the dial needle vU 






i 


Ja^Mu£mu|g 


ngm 



has 

h, 1 



itions, M. hy one riglit ; D Ly one riglit, then one left ; R 
left, tben one right ; G by two right, and one left ; and 
The short aria indicutea which beat is loadc &Ki, and 
that mode eeuond. The Electric and United Kingdac 
es now adopt an alphabet corresponding to MuTse's 
ft t^ht-lmnd deflection eorresponduig to a. da^h, and s 
~ deflection to a dot. The instrument ia so Arranged, 
iwhen. Uie handle, H, Btands erect, the whole l 
Iving state. When tbe bundle turns to the right or lefl^ 
iJnstrTiment Bends, and the needle deflects accordingly to the 
kft or right at both the sending and receiving ataliotiR. The 
iustnuueut (fig. 140) 
four coimeetionB ; 
L, the line wire; E, 
in- earth wire ( C, the 
ippar pole of the 
-■i.'uding battery ; and 
Z, the zinc pole. It 
U lepresented in the 
meeiving position. 
The current takes the 
coarse L, a, the coil 
T, the epring ed, the 
metal points in the 
pinp, the metal apring 
'. thence by 3 to 
...lib. The handle 
■I front worka the 
. ■■■liiider PIN, which 
. irns on the aiia n. 
U is divided into 
.lirae parts : those 
. iLirked P and N are 
■ ivered with copper, Fig. no. wcribed, 

iid »re insulated '33. In 

lii,tn each other by the intermediate part, 1, which is'^graphic 
By tbe epring it, which presses against it, P becon Physical 
jiole of the battery, and by the spring mi, through ^nhatuesiji 
M'beoomes Hie — polei Ametak. taKft\t,k,^ %:l«^ 'm.'^-. 




Another, ^ to N. These Btand vertical, and are oat o£ a 
when the inatmmeDt ia in the rei;eiving position. Wl 
sine (reverse, or negative) current is pat to line, the hmdl^! 
ia BO turned that h presses againet tlie spring dc, and itaam 
it trom the point at d, thus breaking the receiving ciccnib . 
e that h presses on i^, k pccsses on or. 2 
reverse current takes the following couiae : Z, i, n, N, ^ ^ ec 
d, L, distant station, eaitb, E, g, r, o, k, P, t, t, C. "WheB I 
handle is turned the opposite way, h presses against ^, ■ 
' i sgainat another Epring Eimilar to or, on the othet aide ot 
\ irbich is not shewn in tlie figure, and which is connected w 
\ the strip of metal c, and thereby witii 00, and tiie oopper 
I positive) current ia put to line. The cylinder PN acta I 
commutator, sending a copper or zinc current, accoiding 
r.the aide towards which it is ttimed. Sometim 
■ «re placed in tlxe same tox, each having a Beparata In 
to work it. The telegraphing can be much A 
|i_Bipoditioualy done isith two needles than with one, as t 
t deflections can be made at once, one on each instrument, I 
I rate of signalling with a double needle is rather above **! 
I can be done by a Morse. Seeing that U 
t for a double needle inatrument, and that only o' 
r tot B, Morse, it is a much more expensive instrument, 
f needle lines are much used for working railways, and i 
I drcnita with little traffic, bnt not for main telegraphic Jii 
I The needle instrument is delicate enough to be worked dii 
I without a relay. The dial of these instruments is moyabl^ 
hat when earth currents deflect the needle to a positioB ft 

is turned so as to keep the etopping pina «_ 

it from the needle. When several stations are joined: 
le system, the open circuit anongemeut is emplojrei 
iChrimology of the EUetric Telegraph. — Amperesi^jgi 
IB the year 1820 the employment of a galvanom 
fwire, and a battery as a means of telegraphing, 
a on which this suggeation was carried out and p 
use was in the year 1833, when Gauss and Wet 
1, with a view to aid their magnetic obaervalioi 
inbination.'i*ti^'^'''<"7 'i^'i Physical Cabiaetj distant a" 



# old alpW^ ^fi^"** auBBeaded ii 



_The iuflicatot.i 



»r, aa inatnnnKota 
b. the mspended ni^inet in Ibe centre of a coil ot 
ng part of the ciicuit. Their alphabet wua niiule up 
EttioBB of right and left deflections. This appu 
JT employed for practical telegraphy, has lately J 
of Sir William Thomson, become the most e« 
EtnuneutiB. His redecliiig galvimaD 
t at present by which a cable, 8000 it 
, may be worked mith low tension (3 or 3 Daniel] 
oonsists of a. ma^etic needle, not more than a 
, Buepended by a thread without torsion within | 
alramuueter coiL A tiny mirror is attached to the 
f which a beam of light directed against it is reflected 
e distance. When no current passes, the 
»y lights up the lero-point of the scale. When a 
Mnt, it travels to the right or left according 
nage. If earth cnrrenta turn the reflected tay 
I the zero-point, it ia easily brought back by 
le strong magnet plaised outside tiie coil, in- 
1 moke the needle quickly settle. Qauss and 
telegraph was merely looked on as n sden- 
ntj. It was not till the year 1837 that the electric 
lomiaed to become a matter of geaeral and practical 
In that year three systems of tel^apby of inde- 
9 trifd, and so nearly at the some time, 
e lay claim to priority. In Jvme of that year, 
i Wbeatatone patented a five-needle telegraph, and 
b was put in action, on the Great Western Rail- 
These inventors have undoubtedly the 
1)eing the first to construct a line of telegraph for 
[poses. Their lines consisted of underground iusul- 
Cooke derived hia first ideas from a lecture he 
[eidelberg given by Professor Munke, in which Baton 
Ding's horizontal needle telegraph was deecriba 

a be6n conatructed as early ai ' 
1837, Steinheil, at Munich, etrctclied 1 

' liie housea of the town Irom T 
of the Academy to the Observatory of B 

He telcgiaph«ii m tbteife 1 



m a lecture he 
in which Bato n | 

was deEcribfl^H^H 
33 or 1833.^|^^H 

the e^^^^H 



the deflections of & needle, hy thu souitdittg of two h 
of different tones, and by jiriating a strip of papec. 
October of 1837, Professor Morse exhibited liis syatem o 
line of btdf a mile in extent. Morse's sptem is at pia 
more used than any other. Steinhail's printing aystem. 
also extensively employed, more especially on the contia 
Steiaheil's system. of printing is different from Morse's 
and " currents print each a different mark. la MoSi 
Byatent either current prints indiifarently. Stcinheil's alphab 
oousista of dots to the right and left of the strip of p^ 
It is thought that the tekgraphing by right and left d 
can be done more quickly than dots and dashes in a line, . 
1838, Stelnheil discovered the efficacy of the earth circuit i 
the need of only one wire. To Steinheil is also due them 
of being the hat to atretch wires in air on insulating mpp< 
and to shew the applicability of magneto-electricitf to li 
graphic purposes. Oooke and Wheatstone patented Ma | 
step by step telegraph in 1840. This invention n 
by voltaic or magneto electricity. In 1846, Bain patented 
electro-chemical telegraph. In this inetrumeitt a pieoa 
paper, moistened with an acidulated solution of ferrooy 
1 a revolving plate of metal r 
entiy on it. As the current ] 
a the point to the plate it i 
aa in Maree'a systen 
I all appearance one of tlie i 
'. into permanent 1 
2 into practical use till M 



of potassinm, it 
steel point pressing i 
through the paper from 
with blue dots or dashes 
needed. This system, 
simple and delicate, has i 
Morse's telegraph did i 



when it was nsed on the first American line between W« 
ington and Baltimore. The first successful submarine oi 
was laid between Dover and Calais in 1851. Faradi^' 
announced the effects of lateral induction in 1864 ' 
telegraph was completed by the Persian Gulf to India ia II 
I Four attempts have been made to establish telegraphic t 
municatioR with America ; the first in I85T, the second 
^1858, the third in 1865, and the fourth in 186(t. In the 
I, the cable snapped ; and in the second, it waa 
t became useless in a few weeks. On the 27th of . 
ope WM tdejpa.'p h iMl ly yained 
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enccessfully laid between Valentia, on tlie coast of Ireland, and 
Newfoundland. The cable of 1865 was picked up, spliced, and 
completed, September 1—8, 1860. See Appendix. Telegraphs 
printing in Roman type have been tried, and are now gaining 
ground. Hughes's and Dujardin's are of this kind. Their 
action is at present not much superior to a simple Morse. 



The Telephone. 

158. This is an instrument for telegraphing notes of the 
same pitch. Any noise producing a single vibration of the 
air, when repeated regularly a certain number of times in the 
second (not less than thirty-two), produces, as is well known, 
a mnsical sound. In art. 115 we found that when a rod 
of iron was placed in a coil of insulated wire, and magnetised 
by a current being sent through the coil, it gave out a distinct 
tick when it was demagnetised by the stoppage of the current. 
A person when singing any note causes the air to vibrate so 
many times per second, the number varying with the pitch of 
the note he sings, the higher the note the greater being the 
number of vibrations. If we then, by any means, can get 
these vibrations to break a close circuit in which the coil just 
mentioned is included, the note sung at one station can be 
zeproduced, at least so far as pitch is concerned, at another. 
Beis's Telephone (invented 1861) accomplishes this in the 
following way. AA (fig. 141) is a hollow wooden box, with two 
round holes in it, one on the top, the other in front. The hole 
at the top is closed by a piece of bladder, S, tightly stretched 
on a circular frame ; a mouth-pieco, M, is attached to the 
front opening. When a person sings in at the mouth-piece, 
the whole force of his voice is concentrated on the tight 
membrane, which in consequence vibrates with the voice. 
A thin strip of platinum is glued to tlie membrane, and con- 
nected with the binding screw a, in which a wire from 
the batter}', B, is fixed. A tripod, efg, rests on the skin. 
The feet e and / lie in metal cups on the circular frame over 
which the skin is stretched. One of them, /, rests in a cup 
containing mercury, and is connected with the binding screw K 
The third foot, g, consisting of a platinum point, lies on the 

Q 



■ nreiilar end of the atrip of platinum ; 

' it lieiog placed i>n the ceati-e of the oacUlaUiig memh 
a like 3 hopper, and hoje np and down willi it. !t ii 




I 
I 



to TtnderstBnd how, for every vihrntion of the 
the hopper will be thrown up for tlie instant from 
with its support, and how the cloae circuit ia thus bwlMa' 
every vibration. The receiving apparatns, B, consists of ft Q 
placed in circnit, enclosing an iron wiit^ both U 
a sounding boT. The connections of theTaiimnpil 
()f the circuit ore easily letimed from tha figure. SuppoA' 
person to sing a note at the montfi-pieoe which prodticW' 
vibrations a second, the circuit ia broken at the bladder 
tinies, and the iron wire ticking at this rate gives M 
of the same pitch. The note is weak, and in qai 
Msembles the sound of a toy trumpet J)i Wright nH 
ireceiving apparatus of the foUowiag kind. The line 
;1b made to paai through the primary coil of a emi 
Auction coiL In the secondary circuit lie placM two 
of paper, silvered on one side, back to back, so as to a 
condenser. Each current that comes &oqi the si 
apparatus prodnces a current in the secondaty circnit, 
charges and dischaiges the condenser, each discharge 
•ccompanied by a sound like the sharp tap of a 
The musical notes are reudered by theee 

mi we load saQn^f^taH^^-*.^ 
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"WUde'B Magneto-ElectriB Machine. 



^e uxteen m 

', shewn on a 

T stale in fig. 143. 

"a partly mude ii|' 

Th^ two iivi, 
poiientB,M"(iig. 14,!, 
nthe Gides of tt, and 
iB btasa bars, bh, lli: 
. them Thev 
: bolted firmly to 

Klher by the braes 
Its, rr". The magnet f 
(^rlinder is about 12 
Inches in length 



laguels me fixed below to the nt<i<in<E4 



f^'^W,, '.'^^^ 



iheu 



e of 11 



mteiy bored a larcular 

hole, ^itendine thi, whole way 2)t inches m diameter 
ioner »de surlaces of the ma^ets below ace nccurately fitted 
to the upright plane sides of the nmgnet cylinder and are 
lirmly secured to it By this means the u»t iron portions of 
the moguet-cjlmder, w form the polar temiinatio ' '' 
Diagnebe battery, the brass bare (6 between theia, 
the megnetic continuity 

A cyEndrical armature, aa, of cnst iron is male to revolve 
M'ithin the mafniet cylinder Its diameter la Ath of an mch 
leas than the diameter of the cjlmder, which enablea it to 
revolve without friction m ■very clone protmutT to the polar 
-surfaces. The manner m n hich it la centered u for the Bate of 
simplicity, not shewn m the nppci machine, but it is iJiewn 
in the lower machine where as la afterwards mentioned 
the construction, though larger la perfectly similar The 
framework for sustammg tie axis of the aimntuie la firmly 
Ijolted at gg. Fig 143 givea, as just mentioned, an enlatjjed 
croBS section ; fig 144 b1 ew« an enlarged side view Two 
rectangular grooves, wl are made on opi oaite sides giving to 
it somewhat the appearance of a rail A.bout 50 feet ol insQ— 
lated copper-wire wic la wound lengthwise into these grooves 
ia three coils (shewn in section, fip, 143), The coil thus, 
formed is shut in by wooden packing, W. In fig, 144 this 
packing is removed from the two ends to shew the longi- 
tudinal winding of the coil To prevent the wires from being 
driven out by the centrifugal lorce generated in the rapid 
rotation of the armature, attupa of aheet-brnas encircle the 
armatnre at regular intervals, and are sunk in grooves 
frepaied for them in the caat-iion. "Two wt^a ijl\iTOBt,^' 



er, nV 00 



d U> tlio caif of the BrmntuK, and to Uiese are atbiebeddik> 

etcd iourualB nr axes of rotation, ff. OblM' 

farther aiia (the Imcfc aria of % l«9 8" 

pulley, M, is fixed, ronnd which panel ' 

, atrap Eroin the Bteam-ei^ine which 1 

the machine. On the otn 

axis of the iiguie) two ringa are piit, o 

, insulated from it, and the other, n\ .._ 

iiect«d with it. One end of the trwatiA 

coil is ill connection with the armature, ad 

therabv with the axis' and n', the ottier en] 

' oaiilated. and fixed bj a hinding-aon 

I n— n and n' are thus the tenwnale d 

the coil. Thej are made of hiirdened eWf 

and the springs, a and (', which pres agdn 

them are of the saiue 'raateiial. 

Starting from the position shewn in. Jig. M^ 
the onnatUTe in one revolution indncMM 
oppodite currents m the coil, one in tlie Sri 
the other in the second half-revoIatioB OSSIj 

It will he seen (fig. 144) that the et -"^^ 

between w and V lies obliqnely. 
', each spring, i oi «*, presses a„ 

it ring at eftoh half-revolntioiL .4pJ 
change their electric sigii, it & ■ 
ananged that thej change the spiing Itf/i 
against which they press. Thus » tsA I 
receive their currents always in U"" "^-"^ 
direction, consequently the wirea, o 
convCT' the current away from the maehinA'J 
a uninirm direction. The armature is in ' 
to revolve 2500 times per minute, and B 
waves or currents of electricity are tts 
niitted to the wires, d o'. 

Thus far we have nothing e 
peculiar ia Wilde's machine. Tlie coaetti 
tion of the magnet cylinder ia quite aavt 
thongh the position of the armature, vbSt 
is decidedly the most advantiigeoiia, ia al 
new, OS it was adopted several years agol 
Siemens and Haiskc's roagnetcv^lMbi 
machine. One (wl vantage of this pofll' 
Kg. H4. jjgg j^ ^[jg motion of the armature i 

being resisted by the air, In the ordinar 
the armature (Hg. 116), much ol &b ' 
^^ rotation ia expended i " " — •*-" 



way, 1 
dillere 




■ no Buch loss in Siemens tind Holske's or Wilde'a 

. Another advantage ia derived from the itidnative 

f the maKuet being exerted directly on tJie coil, as 

I through the intenention of the armature. If the 

X made to rotate nithaut the armature, ciircents would 

:ed in it of the same Mnd ob that indnced by the 

.J, though of feebler intensity, the maximiun points 

b wonld occur when the coil was moving throng tha 

'~ing the ])ules, and the minimum points when it was 

^es to that position (124 — 126). Now these ate 

le of the ma-Tmium nnd niinimunt induction pointa 

' ire (]23]. In the position in which the armatttm ia 

M machine, both armature and coil contribute to 

mt, the one most when the other gives least,_ and 

jne advantage is not secured by the ordinoiy 

' to describe the siiigalar peculiarity and 

Wilde's machine. The current got from the 

(-electric machine is not directly made use oli hi^ is 

£ to genemte an electro-magnet tome hundreds of timea 

erful than the magnetic batteiy originally empltmid, 

J of whiiJi a corresponding increase of electricity 

ibtMned. This electro-magnet, EE' (fig. 142), forms 

Er_part of the figure, and by far the most bulky portiint 

"*"« machine. It is of the horse-ahoe form, B and ff, 

le two limbs of it. Tho core of each of these, 

y the dotted lines, is formed by a })latc of rolled iron, 

'a height, 26 inches in length, and 1 inch in thiek- 

1 ia surrounded by a coil of insulated copper wire 

S50 feet long, wound round lengthwise in gavea 

le current has thus, in passing from the insulated 

, r, to the similar screw r', to make a circuit of 

Each limb of the electro-magnet ia thus a flat reel 

d wire wrapped round a sheet of iron, the roujided 

e of which are seen in the figure. The upright irwi 

B joined above by a bridge, P, built up abo of iron- 

■-■ TTo fixed below the whole way along with the 

V to the sides of a magnet cylinder of precisely 

I construction as the one already described. The 

aework of the electro-magnet ia shewn by the dotted 

hq depth of the bridge is the same as the breadth of 

f, v, tf, which are of the same size as the ban, i 

I auifaces of juncture in the framework . 

to insure perfect metallic contact. The upper 
r machine are in action precisely alikej only the 
'"itis a permanent magnsit, imi fcfi \a^«t oo 



itrcKinngiict Vfe Iiave the esuae magoM cylmiat, I, ^iL 
IP HmiHlure, A, and epringa, SS', and tlic same poles, ZK';fii 
nse is, hnwever, different ; tbe calibre of l.liu laagnet ^lildb 
is 7 iuchi^B. Tbe diuni-ter of the lower ammturo £^rtt tt 
jiMne hi the machine — viz., a T-ioch nuichine. i^gc lUtfi 
144 ate oa tbe Bcale of the lower machine (fig, 1-I9V H 
k-njrlh of wire on the lowec armature is 350 feet 
80 inches in length, and ia made to rotate 1800 I 
dnute. Tiie croaa framework attached at gg ta the v.. 
fUnder, in which the front jonmal,/, of the aimatunrjn 
ft Q), IS ahewn in tbe kiwei machine (fig. 142). Vra 
ihe machine ia in action, both armatorea arc driven nan 
loneoualy by belts from tbe wme counteiehaft. Sat i 
electric light, the currents conTe]red to tbe spiiug^ 8 • 
a', need not be sent in the same direetiim (140). £b 4 
sase, the separation between n aki n' is veitictj ; aad el 
Bpring presses i^ainet oa\j one ring during tho irM 
[O^olution, receivmg and transmitting each rvTolutioB VT 
lieBpoBite currents. Oil for the jonmul and c - - -. 

Utupplied fcum the cup C. 

by Tlie machine here described is intended for a t 
Bpower ateam-engine, but more power might be expended M» 
IQk.lai^r engine could ^rive the smaller armntiue foster, •) 
ftOierebj cause much mote energy to be expended, aud Ind 
■electricity to be induced in turning the lower anuatnietta 
with a power of three hoises. The machine, wlien wodt 
with a power of three horses, will consume carbon stJA 
tbree-eighths uf on inch square, tuid erotve a Ittjht of ■ 

Osing brilliancy. With a machine that consumes cnrU 
f an inch square, a light of such intensity is [{ot, that tA 
put on a lofty building it custa shadows from tlie flonUi^ 
Btreet-lumps a quarter of a mile distant upon the ne^hlwwl 
walls. The same light at two feet from tue reflt^ctor rlarkon 
ordinary aenaitised photo^nphic paper, as much in tiMB 
seconds aa tbe direct rays uf the sun at noon on a cleat ii 
in March in one minute. 

Air Wilde furnishes for the electro-magnet cylinder of nug 
of his machines two armatures ; one an ' intenai^ armatOI 
eimilar to that just described; the other a 'quantity am 
tare' — one of which may be easily substituted for the otli 
Tbe quantity armature, instead of insulated coppeMrit%1l 
enveloped in folds of insulated copper-plate, or ribbon, whidll 
oOering little resistance, a current of mudi greater qnanti^ 
tliough of less tension, ia given otf. It is with tbe ij — "•-^* 
armature that experiments m tbe heating power of Uie j 
ore best perioiraed. Willi a lO-iacb.q"—""'" *"—" 



t tew dcUib ia Orti I 
' wtat is tbere ttH T 
B (M <tf pbec bcfe. The eoQ of tbe eeconiay 
ESpoaed to v«y diOemit laukoia (lm>Dgiiout its 
Tbe miikQe <k the wire, wlun the coil aeta 
•■j^l -vaj, has no Umaon, and ntuv be taken aa tbe 
neiitial .T-iund betwwti the + and — electricities of tho 
liaJve^, 111' leneion on each of which iscreitses as the pule u 
in>)'r('air4ivij. The tensions reach a maximum at iho poloii. 
The tli.'i-jtrititi^ of each half have a tendenGy tr ------ '-■ 

each otln r, or into the primajy coil, or othar 
bfibbin < frimected with the gronnd. Even, two W— 
li'jtis of tbe same half have the Bdnje tuiiiilenoypl 
-i,iii<ls fts u — to a more positivi?, nnil a 1m» na^W. 
I more — . The object thuteJWii to bu olliM'^ 
:!~uhitiou ie to prevent eiA^tfj^iiliicli'lclliM tx" 
mu/eaeh other <aiau>til^^^^^^^ni:fi" 



« is eaUei &Kt round the ceiih« of the 
y oJonfi and Liyer nfter layer ia put in repili 
iH abore the oilier, with iueulatiug materiul between, 
ia wny the greatest tensions axe in the jnsiile tmd on 
■ "e layere, the poles coniiiic directly from them. Ia 
jeroent it is eMremely difficult to niwntain propM ;' 
lation. The utmoet aan is neai«d to keep the declii^ 
the inmost layer of wire from, leaping into the priawf i 
and even when tliis U fully accompluhed, there ia » Lqn 
jar action between the inmost layer of the secondaiy mA' 
outmost layer of the piimary coil which hindera tte ' 
delireiy of the el«tridty nt ita pole with which '" ' ' 

. . ■ . ■■ -'le getonjatf wire i 

midway between ._ 

and the ontside of the ami, d 

tlajce where the iusiUaliOft 
e.>t. and least needed. 1 
shall mention two Wftys «l A 
\'iating this defect 

Fig. 145 ia intended toAi 
the construction of tlia cd 
bulled coil conatructad I 
Siemens and Hulske, ■ 
exhibited at tlie ExhiUIll 

the hollow tube in which the priniaiy ec 

put. The bobbin is nuule of ebonite, and the central 
la thickest at the ends and thinnest at the middle, W% 
millimetres at the ends and 12 at the centre. It i* 
oentiiuetres in length. To this tnbe are cemented ICO ti 
discs (only a few are (jiven in the figure) of ebonite tf 
distances, dividing tiie whole len^h into computt .. 
Each compartment ia filled up with copper wu« '14. 
A millimetre thick, c«vered wiui silk and vamiahed. " 
mpartments conunnnicate Mrith each other, ao 

" — '-- innouB from end to end. 

: ia9,D0O metres. The ailk ' 
1 sufficient insulation between 
convolutions in each compartment, and the discs m { 
ogain^ the spark etrikin^ throngh between them. Tba 
may be thus said to be insulated, as it were, wholesale 
retaiL The insulation of the varions parts from eadl othu 
thus complete. As regards external insuktion, least 
lequired tor the middle compartments, where thf tension 
least, and there is least diinger of the electi' 
through into the primary coil. The tension of tixe on 




Idle and thickest at Uie ends. The thickness at 
ot oalv prevenls the elettrioity striking through, 
t the Ley'len-jar attion between tho endfl and 
y coiL With one Bunsen cell thia coil gives a 
I centimetres ; with six celk, one of 68 centuuetres 

ocdary coil {17 incheB 
ai;, Di luucu Hiiigiier , 

L of a less eipeusix-e \ t J 

t, is given 5n %. J --''^P^\| ,, 
llfl coil of which it 4^_°L^__J'^ 
h iwrt waa made by Mr ^JL^^^^afc^^i^""^, 
R«f SdinbuTgh, under the ^-^^■^^^^^^■■■r^ 
aothot'e direction, imd wna IT I J 

lately exhibited before tliu l^^^^_L---'''^l 
Boyal Scottish Society of Arts. T"^ 

ThecBntraltube,PP,i8ofhaid- 
eoed wood ; d, D, and d', are '''^' ^'*' 

thick discs of gutta-jiercha cemented to the tnbe. The win 
is cwled in two portions, beginniug at the middle, m ; the one 
half being coiled to the right, the other to the left. U the wholo 
could be seen, it would look like one coil from end to end with, 
s disc in the middle. The two halves communicata by a, wire 
pierdng the central diac at m. Gutta-percha paper ia wrapped 
ronnd the tube to a thickness of more thau a quarter of an inch 
before the wire is wonnd on. Each consecutive layer of wire 
(copper covered with silk) ia separated from the one above or 
behiw by two or three sheets of gutta-percba paper. The coil 
lias the greatest thickness at the middle, and tapers off to tha 
enda. This is done ia conformity with a principle discovered 
by Jacobi and Leni (1844), namely, that in an electro-magnet^ 
irtiere the wire ia nnilbrnily diatjibuted over its length, the 
indtictive power is greatest at the centre and becomes feeble 
at the ends. It is sought in thia coil to proportion (approii- 
mately) the length of the wire coiled in different parts of the 
bobbin to the electro-motive force of the primary coil at that 
part. In this way the quantity ot electricity gven off by 
eaabi port of the coil ahould be the same (95). The ends of 
the primary coil, where the inductive force is least, are left 
free. The sparks given off by tliie coil, which are nearly 
seven inches in length (with six: Bnnaen cells), are pectdiarlv' 
dense, the quality aunea at in thu constmction. The lengUi 
of the wire is about seven miles. 

The double form of the bobbin throw's the middle of the 
wire next the primsty coiL Here the tenaion being least, 
'"^ "cwliUleoriiodaDgeTof the ekataLdtjK\niliiQ%^&fk^}Qai i 








14r. aad leed br tii 
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ex, A spindf ji 
13 ciffcr-inre is 
ailcQK mn inch in < 
ttfel six inches ii 
» ctTetched ont 
nine xztcbes^ and 
to two lii^ on tl 
luJf an inch in < 
To shew the con 
more clearly, the 
tions are shewn ffti 
apart. In the aj 
8elf the epiial ni( 



•ftlif^ the Tod beneath. Hie zings hnmr wifl«v 
ni4 1«(!P tkt qpind tree traoi ik ' n 
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insulated from the rod ; the other, a, being fixed by a binding- 
screwto it, is in conducting-connection with it The rod is partly 
(rfiroD, partly of brass, and communicates with the binding- 
screw, c. A wire, m, is soldered to one of the convolutions a 
little above the end of the iron part of the rod, and comes out at 
ligBt angles. It is turned down at the end, so as to dip into 
a cup of mercury, e, which communicates by the pillar, h, with 
the binding-screw, d The break is on a separate stand from 
the coil, and is so placed in the primary-circuit that each 
l)inding-8crew is connected with a coating of the condenser. 
When the commutator turns the current on, the spiral is 
gently moved by the hand, and if the wire dips into the 
mercury, continues in constant oscillation. The cup is raised 
or lowered till the point is got where the best sparks pass 
l>etween the terminals of the coU, and fixed there with a 
Hnding-screw. A spiral, so hung, forms a delicate pendulum, 
which only requires a small force to keep it in steady motion 
tjp and down. This the electric and magnetic action supplies. 
When the current passes, it goes from c up the rod, down the 
Upper part of the spiral into the cup, and thence to the bind- 
ing-screw, d. The iron rod becomes magnetic, and tends to 
send the various convolutions at right angles to the lines of 
magnetic force (111). Moreover, the various convolutions are 
the seat of a current moving in the same direction in all, and 
they consequently attract each other (fig. 93). Under this 
inible action, the dipping-wire is lifted out of the mercury, 
^ its own elasticity brings it back, again to complete the 
circuit, again to be lifted out, and so forth. A reversal of the 
current, causing a reversal of poles, the action of the spiral is 
indifferent to the direction of the current. To prevent oxida- 
tion, the part of the wire that dips should be of platinum. 
The alcohol on the surface must be more than an inch deep, 
otherwise it is scattered about in sdl directions by the break- 
ing spark. If not, the vessel must be closed Avith a lid. 

Such a spiral as the one just described is comparatively 
itiff, and cannot be regulated, in the manner afterwards 
lescribed, so easily as one of tliinner wire, ^The number 
)f convolutions being small, and the spiral stiff, it requires 
I strong current to work it ; being short, however, it adds 
Jmost no resistance to the primary circuit. If the spiral be 
oade of finer wire, it can be made to work with a very 
eeble current, but then the resistance it introduces into 
he circuit is considerable, and this ought to be as much 
s possible avoided. In ^g. 148, another form is given of 
his spiral break. Here the spiral is worked by a separate 
eH, and is not in the primary ciicmt oi >i)ti<b ^^ ^X^c& 
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1«l, I 

of easy t^uUtioii. 
h, whii'h can Tie fix 
pillar, k, can be ion 
any part of the m 
tu Wea the osoUi 
of it; t4)ahort«ii,ill 
pendulum. Thfrd 
m'ling part of the i 

a nicker docs it osd 
1U3 OUT altentiPi 
can be got InUiil 
inent there aM tVft 
th<! projecting win 
ilipiimg yattima, 
(■nch, which nsB 
Biiuultaneoiisly, o* 
' BCcuniing to the U 
ofthenipg. The^ 
is exactly the easu 
The ciiil-circujt, i 
with the appuatai 
of the two cups and the wiro fork, no/, ana it ia 
each time the ends ot this fork dip into both. 13 
and the wire, /, ore comiiLon to Doth. circuits, j 
U thereby no confuaion or opposition of cuboi 
ever be the direction of the cuirenta trsiuaaitli 
cup, I, is easily adjusted, so that the dippiug-wiiet 
the mercury just befwe / does so, iuid thoit ii 
in the coC-circuit is effected only in the cup I. Tl 
"of both currents is marked ; that of the spiral !» 
and that of the coil by fall lines. When the dip 
of this spiral just touches the sarface, it begins to 
itself without the aid of the hand. 

t 




1} by several scientific journal", with regnd 
lKtro-«tAtic tbeory adoiited in the preceding rB8**> 
mne TOppIemimtar]' Btiteionit desirable. The two 
wilicl) eiception has been taken are, that electridtr 
^•onlai action, and tluit it ia an induUire force. With 
BDt iraperfect knowletlge of the phyeical nature of 
f and of force, we cannot arrive at a ealitfactory 
» on all pointe ; we wish onl; to shew, that lo &r as 
idge, these principles, carried ont to their full extent, 
Btetkl 'with the established lawa of the acience. 
Iltclncily it an AetUm among Moleraltt. — In articles 
>, it ia uiewn that bodies are chatted and discharged 
[Oal amonnt of opposite electricities disappeariDf; or 
I neatraliseit when near enough to communicate with 
Electricities, whatever they may be, never in one 
ba traced to enter the body ; ther always leave it, 
pear at spark or contact When they cannot 
at« with each other, both electricities eiist in Ihem 
oe amount, and the bodies remain in the polaiiKd 
Paraday has shewn, beyond qaealdon (32), that the 
of dJelecbicB, which take minutes or days to c«in- 
k electrically with each other, are in a state of polarity 
Bdiarge, that is coromimication between them, takes 
' yrbi& their insulating action laste. The pulariaed 
sialdy precedes discharge, shewing that bodies hav6 
B power of transmitting polarity distiuct from that 
1 epaik or contact ; they possess, in fact, two povren 
pcJaiising and that of neutralising, the former olwqrB 
g- the latter. The polarising force- appears instui- 
f throughout the circuit, the polarity of each molecnU 
beceraary condition to its appearing in sll. The velt^ 
idtBchai^ ii dependent on the conformatiou of tJM 
3, 60, 162). How or why Uie molecules of matter hava 
rers, no attempt is made to eiplain ; but that they 
m, u natter of fact. The size of the bodies loakM 
mwe in this action, a huge masa or a nucroBco pia 
Mis precisely alike. How otherwise^ then, ( 
m that the molecules of which mi 
dsely the same properties, oj^Y}^ 
liinate in their action, whiw 
~ rt&^so acted) Then 



1 eqiluna salicfnctorilT Iiow ci>udtictoira « 

ITS nru aliku ill kind ; now a t'.liaigc cnn a , 
B bouuJarj' of n cunduutut uud uon-uoiiduvlor. S 
- huhb thine, on the eiuface of the condnctoc 
■fi reaides in a dklevtric, how the polantf of U 
3 effect*"!, Mid how the baitoiy eurreat « 
' ' mical action. Indeed, it seel 



! an IndKttive Forct. — Wa ( 



remiun. the tt 
u'h other. Tb«'J 
iue tnia opinion will be best Ehewa by cm eipeu 
following. Refetting to %. 36, we find ^ttt'3 
the hall hanging inside the pail indncee a, Bioiila^ 
outdde. Let iis introduce a second insoUled b 
On making the two touch, the e~ 
a them, but no change is thereby efi 
outsidn, Similai-ly, any number of 1 
introduced without any clianse on the leaTMi 
a^n with the one charged hall, let ub for an iiut__ 
the ball without discharging it, and introduce into . fi 
thick pail of shellac that ucatdy fllla up the Bpaoe b^' 
ball and the paiL On phtcing the bail withjm thai 
compounded, the lefives return to their foimer { 
instead of a thick pail of shellac, we liad made mei 
Jiietttl, no difference wonld be found on the out " 
We tlius find that extent of surface over wMcti 
diffused, or lessened inductive resistance ab ^m) 
the tliick shellac or metal mil, makes nt 
the inductiTe power of the cuaT^e. By no 

Rsu or increase the quantity of electricity 
;ge. The energy or work-power of it may all 
B reason to believe that it is lessened in botk i 
gathered from what follovre. Let u« now 
lu inductive force appears to fail with the 
I receive a IS-inch spark from an electric mf 
knob of a Leyden jar ; I then take the di» 
and discharge the jar. The spark I now )!■ 
quarter of an inch. la there no inductive {•< 
e sayna The inductiva force which arr ' 
U of the machine and that of the jar, in!i!i . 
t direction, works through the dielecii 






, destroyed. The quantity of elaotricitjr 
the jar and in Eui-rounding conductnra u 
e. If we could reuioys the coatings from the 
t diactuu^n^ them, and crainple tliem up into the 
jB of the original hBllii, we ahould get the some spark 
Or, had we pasaed tlie drat Bpnrk through a solu- 
ppsr by meaus of electrodes, oiid done the same 
IT (rpnrk, the amount of copper depo^iteil would, in 
be exactly tlie same. But it may he said so muoh 
( he done to push each electricity in the crumpling 
1 iteelf aguinet ita repulsive power. Such is uo- 
'^le oase I and we must now proceed to shew the 
his indnctivD force and work. Before doin 
y understand what we mean. Suppos 
a toaching each other, which, by the action oi some 
M oppoflit^ and equal electricities on their snrfaceti 
Wn mive thus only one eection poiarly eleotrilied. 
r pnll the dieuB away pnrallelly from, each other, 
« fot the moment, for tiie sake of simplicity, that 
B action ia not diverted from each other into 
_ . Itouring channels — and it h seldom otherwise in hatteiy 
inita — hut that it remains concentrated between them; that 
we have, in fact, a uniform electric field lietween tliem. Wa 
hare still the «ame amount of electricity in the discs ; but 
instead of having one section so aSected, as at first, we have 
new inyriadB of sections formed by the contiguous aurfccea 
oEUie molecnies of interreniug air, each possessing the same 
liturgea as the original discs when together. The amount of 
inductive force here on the original discs is unaltered, but wa 
i-iinibly more force brought into existence in the 
. 1 1'. Whence this has come will be explained in 

■■. -ri of EhctricUif to fForji;.— Quantity we consider 

I f mt: uiiumnt of electricity in one section oi the chain, 

' ' I inductive force refers to the fact that the quantity in each 

I Lion is the some, however distributed. Quantity in depth, 

well OB in section, is, according to our views, proportional 

.1' work in the same medium, but has a different value in 

diflerent media. In the case of the discs just mentioned, 

we ooneeivo that the work expended in drawing them 

awsy is converteil, according to our theory, in multiplyii^ 

the number of chained sections. Whatever heat would be 

■iiNiiued iiy discharge, or the conversion of electricity into 

.a, of the two discs when close together, as •- - 
I '::t would be obtained if discharge took pUu 
whole lino when thej wars d — " ~* 



II I lUt the one disc Iroin the otbm wboiil 
, ,_. , , ii«W It ticqiiires is etoted Up ln> 

it would nuike gooil uial pneigy if allowed to fall. ' 
w, uii it up under the action of electricity, the onetgy.MBJ 
Hto OUT viHWfi, is not stored i^ in itself, hut in uQifB 
■Bxi&tCDce polarised Eections of the Bame mechanicaLnul 
nihe tirst two, in the parallel layers ot air. This a 
■ be luwle good if the molecular powers could ne 
I convert UienieelveB into heat, or thej would give b_ 
Leuerio' in drawing the upper to the lower disc, thereby tk 
r! themselves out of circuit and generating motive ene^ 

C fiabstojices differ electrically, und it the two discs wtgt 

L^part in a medium less specifically indtictive than KW 

r&mount of work expended in the same distance « *' 

IT proportionately increased. The increased eueigy 

l Mctiom thus formed would make itself ffuxi in the i 

r lieat of diacharge. The mere etectrificatiou of aay si 

I the same inductive poin^ or tu the siune qaant^^.ii 

I indicutiou of its wors-doing or heat^giving power.. ** 

diiftirent substance has a separate mechanical value fi 

Bume amount of electricity. Returning again to mu 

medium, let us double the chai^ of the discs, and then , 

them apart ; to lift the upper disc to the same bsidtf 

before, four times the work must be done, for not onlf n 

force at each point doubled, but a doui)le amount of iVm_ 

be generated in each layer as the disc rises. SirailcA 

could be shewn, if the discs were reduced to half the mak 

work would be doubled with the same cbo^. Takjbi^ 

then, as the action in a uniform field where the teuton ^^ 

not vary, we draw the Ibllowing condnaious. 

The mere presence of electricity or electric quandl 

L any anriiice does not indicate work. When we have tka n 

r .amount of charge in each section, the work \ 

■M the length of the chain, as the resistance the material hL 

Bto induction, and an the tension. We estimate work lif ' 

Iroduct of quantity or amount of electricity on titt-f 

ection, and tlie electro-motive force, viz., the work-powH 

i row of molecules ia length or dispoaed as a noinud fl^ 

pendicular) to the surface, that is, to ;= ^ (131), Practita 

we must estimate e by the tension and extent of the i 

Bur&ce in reference to r, the inductive resistance of . 

chain, or that which gives to the total amount of eUctHt 

its work-value ; thus c^p; and vi, accordingly, equals ^, 

I i- ^^ consider the two discs and cylinder 

M^etireeii to be the Bame u Hm -«b^n« 




re circntt of & ^lynnic battery before cap 

to battery can charge the chnin us often as it is discliatged 

t tjOV the quantitj pricing in a gireii time ; t* tiic 

e resistance ; and e, instead of hoiiig iiiBtnatitiieoB^ 

IB, It is easil; seen, morenver, ll)at the elec' 

.sforeeynriea in a circuit though the curreiit does 

T3iB total eleotro-motivo force of the battery is iHvic 

' tive charge, among all the secttons of the ctKuit, i 

oed to all alike if the circuit be uniform, but to e 

mt part according to its Tesistance if il l>o not. The 

S AqoationE also hold for electric lution in ait between 

n irnose distance does not alter. With the same electro- 

m force when the discs above referred to are rednoad i 

a the distance betweeji them, is increased, or when 

f CODdacti?e or inductive matmal Ues between then 



J PotentiaL — By tenMon is meant (3C) what 

a the floid theory electriu density, or the qnanti^ 

intj on a unit ot Hijrface. Thia may be, by tho HK 

It 'oondenser, anything wiUi the same cell or battery. 

i 72 it is mentioned that the electro-motive force 

I by ite tension. It is evident that when electra 

re compared, the tensions must he iu sinulsl 

r before the same resistance. The word ten- 

jfcliltiiongli strictly applicable only to electric density, 

TBfly looked npott bb Being on a ft«ely insulated body, h 

It Mae it imphes a certain work-power between the bod] 

■ tbe ground, or with regard to a very considerable 

HE B ifl therefore necoseary to be catufiil in tie use 

Ij'U that its import may not be misundoratood. 

Mme resistance the tension, of chai^ on a unit r 

L jpren by different electro-motive forces varies , 

B'ft ball of given radius insulated in ojr, a unit qitanlitjj 
'""tricity implies a certixin work-power between it and lh( 
In consequence of difcsion, the quantity in each 
e lapidly lessens as the perpendicular leaves its sur 
L Ihe decrease being as the square of the distance, and tha 
B Dnit we must find in some large portion of the ground) 
B the chaise in each molecule is next to nothing. "Wl 
a thus, practically speaking, only the force of tho ii 
* unit to take into account, the work-doing power of wl 
COtdingly proportional to the agillH^its tendon. ^ 
~t[ at^actiou or repukit 




» 



(44), BO th.it wc may auif thu nrark.-po'K'Ar of tlM^ 
ui ita attractive or repu]«ive furue. ' 1. 

Iiisteud or the word tendon, used with ndVrence t6 UkM 
M be effected by a chaise wLen openlj jr "Tilitri" 
-motive force, the worAjiolaitinl is noir usi^d, irliidb Sd 
1 tbd ubjection of a double tneanis;^. ■ The potasf 
inliuij to Sir William Thuiuson, 'at any point in J| 
(hbourhood or within a chai^ged body, is tlie quKT'"^ 

■k that would be required to bring a aait of f 

l>«]ectricity from on inlliiite disbtuce to that jmint if tli^j^ 
"^atribution of electricity remained nnaltered.' ■"* " ' ' 
here named he -I- , the potential will nUo be positii . 
it will be — ; that ia, the work will he done and not'ei, 
iuthetnuiBfiiT. Thepotential,?, of aninstilateil ball^isi 
in an open space with a char^ q = q-i'k. 

Vhe declnhibiiic capacity of an iiamMMLhoil J Is there 
«f the resistance it ia placed in. The capacity (c) ia ihft 
ttie quantity [q) the body contains when cbui^!il at an 



motive force (e);thiifl 



■When 



e sphere (radius ^ A 



ground ; then e 






The former eqnntiona, when -id 



with regard to c, are j = c«, w = A. Speaki 

lareer iha auriace of the body, and the thin .. ._ 

dielectric layer bet\Teen it and the grouuil, the greoterH 
capacity (3T) ; o, for a ball in an open apace varies aa L, 

In illnBtration of the fact that mere charge does not.i 

'Work, we may take the following. I take a battery ^ 

cells, and cue cell of the same kind, and put' in eaokaj 

My the aide pole to earth, insulating the other poles. Jp 

a condenxer, snch as that bhewn m fig. 69, whtolif 1^ 

sappose, ia delicate enough for my purpose. Some fusi 

the torsion balance ia, however, m.ui:h better adapted fo;^ 

n purpose. 1 charge the lower ukte with tbe battsty* 

without using the apper plate. I see the diveraence la, 

leaves. J do the same with the one cuU. I Siiil the a 

leaves ten tunes more distended in th& fii^ case than ia^ 

second — that is, supplying the angles aniall. This indi 

ten tinifS the tension in the one ca?e aa in the otjiei (irti 

le tenidons are as the sines of half the angle of div^ 

i more correctly still, the tousioas are dulenninDd i, 

^ciimentol gradoatiun). I now use the upper plate \ 

IB (CDS B^y, aod tbings ioight be so arrangef.jba' "■- -' 
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oondensetenfidd. I withdraw my fiuger from the upper plate^ 
then the pole from the lower, and iinally lift off the upper 
plate, and the leaves indicate a tenfold tension. Thus the 
tingle cell appears to do as much work as the ten. The power 
of the plates to generate heat or do work hy a discharge is 
small, and I have forcibly to lift away the upper plate — do 
additional work, in fact, before the power of the lowerplate is 
vhat it was when charged directly by the ten cells. We know 
that in a conductive circuit the one cell, before a certain 
lesistance, would do ten times less work than ten cells before 
a tenfold resistance. The work in lifting off the upper plate 
is therefore l>artly spent in making up the difference. 

Fiom what has been said it wul be seen that we look on 
qmmtity in the same medium as charge in section, and electro- 
motive force as charge in depth. A rectangular prism of 
polarised particles, for instance, might have three quantities 
coiresponding to its three different faces, and three electro- 
motive forces being the depths in each case. The line of 
action in which the prism occurs will determine which is the 
qiiantity and the electro-motive force. The quantity thus deter- 
mined cannot be altered for the game action. It follows that 
if a second prism were to participate the charge of the first, 
there would be a loss of half the total quantity or work. For 
although on the double face which constituted quantity there 
^as the same charge, yet the quantity in depth or electro- 
Biotive force was halved. Again, if tne participating prism 
^88 placed in length, the total quantity and work would be 
*gain halved, for the quantity in section would be halved, 
^toe the quantity in depth remained the same. If in either 
case this was effected, there would be found to be conductive 
feharge somewhere accounting for the loss of work. 'To 
iflnstrate the bearing of our theory, we may fancy the total 
wnount of wire in the armature of Wilde's machine f o be such 
* prism, each particle of which had a definite amount of 
electricity and of work-force. If the whole were solid, the 
quantity would be represented by the section at right angles 
to the axis. In that case it would be prodigious ; but the 
Quantity in depth but twice the length of the aimature. But 
ii it was divided into a thousand different insulated wires, 
the quantity in section would be represented by the section of 
the wire, and that in depth by the length of the coil. An 
equivalence of this kind is certainly illustrated by the quantity 
md intensity armatures of the machine. If any distinction is 
» be drawn between electro-motive force and electricity, we 
vould say that it was that energy which, diffused through a 
consecutive Beries of molecules, ItisA. \i^«ii ^o^K^q^t^ft^ \s^ 



electricity, and which ibn electricity so formed ifl pi 
givt Lack, LniluctiTely in electricity, or conductively 
ttther form of enet^. As, bovntt'er, the work ap^il I 
tiidty w 9^*^ *" '^^ work that the electrici^ can npt 
spedc indinerently of the electra-motiTe foite of a iMt 
oT a charge given by it K, in any circuit, we have 
«hai^ iu aurracB with a unit work-valu(i fi^r the whT 
electro-inotive force of esch row of moTi-r : ' ' ' 

EUetricity and it* Oorrtlatioiu!. — Tlrn ■ 
uction (59), h«at (133), anil iiiechaiii< i 
be coaTUiteil into eltctricity haa Li . 
These, moieover, hnve apparently a iL:, ,_; :„, 

Krtion to electricity. Thiw, so much ziut dissolval - 
ttejy, BO much h^t radiated to the< IhArasn 
batten', an>l so uiicli mechanical ener^ spent is the B< 
electno uiachine, are each attended wiih the prododSft 
certain amount of electricity, ConTMSely, elMOidl 
produce chemical action (102), light (4fi, 101, 121), he"^ 
135, 126), mLthanical energy (H7, 107, 142, 148), k 
trinity itaelf, eithtr as magnetism (113), as statical elt 
(28. 62), oras current electricity tlie), 

Tha equation, work equals quantity into tension or . 
motive force, is shewn in cuixeut and inagneto-elecbio ' 
tion. In the primary circuit of the induction coil, »* ] 
ennent of great quantity with little tension ; 
Booondaiy drcuit, the same converted into a cuit 
qoantity and great tension. In WQde's machla 
can, according to the kind of coila we nae iii 
ing flTmatnre, convert the work of the steam-englBBi 
strong, current of little tension, or a tense curtvnt <d 
strength. One thing is remarkable — when a current U 
another or moves another current, or induces muj 
or moves a needle, the cnrrent foils in strengtii sol^ 
change is goiog forward ; but when the change is < 
— when the current has attained its final position or 
with regard to the induced circuit — when the "'^"~ 
rroelling currents cease to move — .when the '" 
foUy charged, or when the needle takes 
position, the current resumes its for " " '" " 



The Atlantic Telegraph. 

The following »re the di^taila of constntclion of thfl 
i-., — -tg aides, Rg. 148 dwrwa ti» jr-^ ^-^ — 



1 »ppeiuuacc of the 1SG6 cable in their full size (1( 
6 m aiameter). The cable of 1865 is eiaotly the wc 
Wot 1866, with one or two nott-esseutiol differencea. 
niA eonductor of hoik cables cocaieta of a copper Btrand of 
A wircB, eix laid roam! one, and weighing 300 lbs. per 




Fig. u 



hb- im. 



tl mila, imhedded foe solidity in Ohatterton'a oomponnd. 

of nsgle wire, -048 of an inch; gange of strand, -IM, 
a Muuwiim of both consists of four Uyen of guita- 
- '~''i on alternately with four thin layers of Chatterton's 
The diametei of core (cooductoi and insulation), 

9 tnUmal protection of the 1865 cable consists of t«a 
'tw, ■OBB in diameter, each wire surrounded separately 
e Btraudd of turred Manilla hemp, and the whole laid 
y Tomd the core, which latter is padded with tanned 
n. The external protection of the 1866 cable is pre- 
,e Game as this, only the wires are galvfiiiised, and the 
' ' imp ace not tarred bnt left white. 

I air, 1665—35 cwt. 3 qra. per nautical mile ; 
^I smt. per nautical mile. 

' iht in Viafer, 1865 — 14 cwt, per nautical mile ; 1866 — 
t, per nautical mile. 
. cable would bear eleven knots of itaelf in water 
it breaking. 

e deepest wijter encountered was 2400 fathoiiw, and the 
»» between Valentia and Heart's Content, 1070 knots. 
B tayth of the cables is, 1865—1896 knots ; 1866— 18S8 
jits. The rm*tancts are given by Latimer Clark as follows : 
[ total reaifltanoe of the copper of the cable of IV"' ' '■" 
f at the bottom of the Atlantic, 7604 B * 






"i'P't can Ci , second „„, ^ ""it a BimJ r 
f "^finff (^^ ^^' Tile ^L- - ^P"iUw^ S 

"esfl. T^ *«"'tiifi- into Bn„^ "'^ a]u«jigfr„'^' lor one 



,0«l in tie line of the siiapending thread obove 

, This nsgimt con he easily shifted a.i DeceMity 

Thu oecillatioDB of the needle due to itself ore, 

i of the strong magnet, made so sudden and Bhort 

hioaden the eput of tight. The delicacy of even this 

y delicAte galvanometer uiu be immensely inureaaed 

B utBtic needle (88) ; eacli noedlu within a Npaiato 

B lyinc above the other in the unie plants the 

ing through eouh in opposite direetiuns. The 

■" ' 'o the upper needle. 

tr ia intended to oliviiite the dekv caused 
. Fig. 151 is intended to ihewits action. "H is the 




bing-tey. B, the Bending batteiy ; LL, the cahle ; 
galvanometer ; C, the condenser — altemata 
jTjnica or jiarafiin and tinfoil (120) ; R, a resistance 
', earth platea. Tiic earth plates of the Atlaiitie 
me really, however, strong galvanised iron cables, 
B, mile or two out into the sea. H ia shewn in 
le rest of the figure is in section. It coneiats of 
!^ keys, a and b, moving on axes [at the upper end 
"" "" ire kept by springs preMJng against the ctoas- 
3 in connection with one of^ the poles (say — ) 
d to the line, and 6 to the earth. When either 
d down, it liiUa on tlie plate, d, in connection with 
le (+) of B, In the normal position of the key, the 
' c, and b to eattb, and d is insulated ; and it 
a + or — cnrrent is put to line, according 
s depressed. Let a be depiesaed, and the + pole 
., ; this charges the cable and condenser, and would 
B to act if a current did not pass through B, which, 
■a very alight, owing to the enormous resistance of 
nice immensely grentec than that of the aible. The 
[e'at ihn scndinf; end is clioi^ed to a potential (page 276), 
TCsponding lu llie iiieiatanoe of ^|^|Jj^ and R -^the^ 
srag end and condense: 




diu^nc of the condenser (whose capacity ia equal to about' 
noU of til? coble) IB attended by a deflection of the needlt 
'i, which ceases on the condenser being MUf choiged. i^ 
lis depi«med,it ia allowed to rise back on c, the calleiil^ 
nt to earth, its uhaige flows out, and ita potential iaUib^ 
liat of the condenser, whose charge conseqtienllj flows thlO^ 
he galvanometer bock into the cable, caumng a. decided on 
ite deflection. This forward and backward motion at\ 
Kedle larms a gignah The effect of the whole ia tint) 
luratiou of each consecutiTe signal corresponds neailf U 1 
Bme taken to produce it at the sending end. The ndofl 
ft the charge of thp- cable takes time to travel, aa a wiU 
^eotlier side (tromVWth tooths of a^econd); bntthe^ 
mtion of the signal, the waist feature of embarrasamant^ 
■ obviated ; and the delay is less felt as the one cable ayi 
p receive, the other to transmit J 
, The alphabet is made by opposite movements pCDdaeel 
■ne or other of the kejs. The eignols need not benu^lll 
tero as a storting-pomt. The eye can easily disfoigldrib 
ioy point in the scale to which the spot of l^bt ' 
Reflected, the beginning and the end of a signal, and i _ 
^tion is causal by the proper action of the needle & 
tDirentB. It is thus that the mirror galvanometer is adM 
b cable eignalling, not only by its extreme deliciLcy, hift) 
quickness. ThedefleclianBof the spot of light ureb 
letter of v)0 



intellipble to the 



aptly 

distinctly formed, but yet is q u 

«ye. Signals in this way follow each other with 

■"" . AlowBpeed — some eight words a minute — wadop 
lie messages ; hut when the clerks commnaiCdte » 
1 other, as high a speed as eighteen or twenty vn»^ 
ined. In fact, it is said that the only limit is the poi 
" , not transmitting, signals. As it is, the BpttA. 
_ is equal to, if not greater than, that attained oa I 
ifl'of the same length, an aehieveraent indicative of; 
d genlnsthat have been directed to Atlantic telegt 
* Another moat important advantage derived Iioin ' 
" ithod of working the cable is, that no earth-currents ia' 
'e with it. The cable and condenser being insukt^d, tl 
no volt^c drcuit, no way whereby earth-currents Ea».«. 
1 leave the line, and any inductive effect most be c 
nsient character. The great resistance of llie coil E n ' 
» action with regiiTd to earth-currentBmore ukia toinatL.. 
' 1 conduction. For further information, see Oood W^ 
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